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j-i-i^ J-^J '(j^j.'^l j^l 4_i_iSLu CjL«jj_a 

OJlC^^ 4 J I iiL I ilU (jjjjili! (JJUJ^I ;_gjL f . " l " l.l.il a 

j_y3j .(jdjj i.iU 4_«j»J J i i i VI 

4_ii£. ^ j ^ • "J (j^' Sjliyi 3Jljk V if^"! 4 J « I II 
(j! 4j I n ') ^ iiJjjL_o j-J-C, i4Wili.i II (ya dJj^j 
^Liia^l oM-aLjs t^Ji^y 4_«_uJ CjuUj JL^ <t"ljK 
jjIjjJI 51 ii'i I if a jlj-i^b (J It u ^ J i4_Lg,j j I I u Vl 
.SjUmj 4 Mill L^jl (_y3l 4 «lUlI 4_x^_jSLjJI 
5 » ■ ■ " '1^^ 'o (iJLLii)) : Jj-^ ^. t (j "i a II lii.ij 

<- iiiMi"'?! j-ll <l («ic. (j-i^ j<JL«JI u-sLscjil 

VI 1 1 J ll.j ^ (jjSL; J-S jl^-jJI I ij] ^-jaj 

. JjLiJb CjjJl>. j2 Sj^jJ,! tliLo^mi (j! JJLJJ 4jl 

^1 Sjju^ai cjUI r.r,<^\ J 1 '•i< II tPij^ Vj 

jjLiiuj J_j^ . jcjjJ,! 4U:l*^ sL^ ^li^i ojua» 

jjj_iLI (>j_ui_)j^l fL^b-cVl jLj>.t iZare jij - ij>-3>-»j fUL^i 
. . . _, 1 - .1 I M • »1 « LjiLj» mhT I 

■ - ■«! ^ 

JjJia. in"°lt U LaJ. 4jl)) :4aiejjJ,l 1 .-1I I ,_flf^| 




4lft"L->-.a SLt». Jj^J (j^ LoLaJ J^jilil ^>-»fiJ Cr?-^' (j^^V L?-^^ •<jrt j .. lt . U 
Luaji jLl^VI J3j • JJd ''i' 2jL»J JaVl ijlj 5Ll>. j-ljju <^J>1.I 

i_>l'<lt I JlA i^jLS i- .TfUi^i jjfj iCjI ^.j.ilitl ojjk iil Jl=».| 3jLcl i.i.U 

cjULlJI (j^j-iu fULJt 

<u>ijLil( oLa.1 "Ti I iiVt Ml "(I ij I iij i^jjJLI 3Lj-->. J^^j (_^| J J 1*1 "t 

4-131, > a (_yLc. ^«SLjJI (jic. (jj-j-al»JI LjjLcl III J iiij .4jjVt «jlA 

LaJL-c l -iu- a itiJJ j (jjo jJlSVI j _ 4_Lie£P,l ajjt-i^\ Ji.lj 4 'm i>>"U «jL^jUI 

iS-r-j^l (Jj) <i -v. 5^ J J ^ 4-C j-a-'y.a 4 j < ^i aJlA ^ <>^~' . a. i ^ « a 

t»lj..<.i<1l i(biology Lijwy^a^l) cIj-=«-^1 jdc iastronomy oiloll ^j'J" 
^>iSVl Jji^l (jJJ i^LJo^/Li i(geology Ll>.jJ3j^I) (_>isjVl cjliiL («i^-j 
(j^Lat SLirfcJI) ((exobiology Lj->-y^-ujui.<yi)) J!u < >iU SjlJ^I i4jI 
Ja-t. (Origin - of - life studies «SL^t Jj-sf oLuIjjwj i((_>lajVl j-ac. 

J.<^^_I}JI ^jja ^ >■ i4. J. J culll 4_jL)I_Lj (Ji>-:J ^ <\\c 

.IJ\1juJ\ ^j-a CjIjLiLo 4jijjt (JjS LljS^j^ vijJLv La (j.*^ <Lji*JU« ^ jLlj 

(_gj-Aj 'V i-SM- >■ i-l->'_JJ ^ oLitj-iisj-ja y^j 4_j «JL*JI Sjl j Ml II ^jl^ "i 'l I iij 

>"ilf.j-xl3^ ^1 i^_>jJLI >"iU»rt I II ^,^1 Oj 'V i^H J Jj^ll ^ a«ll 1 1^ jir 
iji-lj 4jj-4^I OVOids «ol i>> J iH» i u in JIm iLaLaj 4_ta>Li. 

I J) 1 ii_il I a "mi t4jj7 lj!i.9uJ (jl ^J>JLI Ct-^ J."^^^ (1>^ <''iT ilL) 
jjt « LiU jjj iiJjVl -> jjk 4_alc (jjSj oT ^jJI JSLifuJI (>o , 

^>t_ijiJ Martian analogue (_yiej;J.t JjLS-*!! j»(jjJI (_yLc. (jjhS j ' a Ij 




U «" T;' 6jj''l 'T-tl frUi*Jl traces jliVl Ji-aj . 4.'< L-^g. fj^' 

Li^l v M it iif jj>il <jr^ 4 <ij.i^ 2Ltj>. -ij^j SJjVl (jLa iL^Ll^uj 

La-^] (jjjJolj.^ (jj fi -a- U jury (jrJ-iL>JLl (>o 4_c,j_aj»i (Jj i g I j i V 1 1 („ptil 
jjLp jjoJI SjvjjJI tiiilju (jh a'ifla Ij^ lij OJjtJ (jT «Lilc Lia JSLfl '(J-«'Lj 

.4«i<ia ^J>XI 4 i iiti SLpJI S^.Ua 





I 



< ~'j J u ^jL_i. ,J_u «^1 (jiij'ijJI 

4_i_iIa2JI 2jl_SJI cL_tLc J f ("M l J <J 

(jjJLsej .Antarctica "<ijLLi! 

^-«^-^ ^l-d-^ -^j-^-J LT^l J J 
jlJ (_^j_LUI j_^_>JI ! jla (jl .Mars jj>ll 

Sjj^jJLI (*J-i!l 2^ (3jl t^"'"' <t-li.lj Sjj-a-jll 

4 J'.' 1 1 (^-jjLHJI j ^ o <tl JljJU><j '"'t J '"■ 
JlJs .5 . .'l,!,! J (^)(J>Ur 1 JUJ 

L«./a -4 ' ' ■■ jj^j^A-j i , O J — ' ■ Lkj_jj_C '"'.^i ' ^ 

(1)-* (»-J'-^5 L?-*i>^' CT^j-^' j-^?^^' '-^-^ J-*-?^; 

< J i .uaJI 4_iJLi 4 J LcIjJT jjl (_^l 

.5>ie_i-aJI ojuk crevices 



J' 

, J -i" ■ ■ ■■ 1^1 I n'l^VI I j dt (Jr-IJ'»- o"j IjJjSjGj iSljt».!^^ (jl^ iCjl^l iIh^VI |»^L«1J. 

ij^l^ ' '"^j • ' " »1 irinll ^^Lj^ (jLi <L2j Ij . . j h" i ii'i (jl 

SLp. Jj^J <jri^ 2JjV| (j-a iH 4 jjn'ill «GljL^-oj 4_lL1»JI «GIjJlA 

I JbJLM CjLdoLu S-al -r rr-il1 iJ-o-AJ (j^ -^^-^ i(^)^LuLj) «Lua^l J (jI^^^lLJI 

J 1^ jLi_u» (JL>.j» (j^ lijJ-jtjj v LIjI ^^j_4_>JI lij jjf Jbjl» :(JLa 
4. J nn iL^LiJI oJ j-t inti 4_iJLi StrUCtUreS Jj .«5^ ni ill 

lLILIa jjL ^Ij-J^l j! (JjJj iJJLLA (jjijJ (jic Sj^jll "'v, 1,1 1 La Lc^ 

i_<uii£LII Ijuk Ml U »1 4j ^j->-a I— a jj^Lcl (jr-i->il 

(Jj^ J-ajJ-a - « \-LM\j)} SJKj (_y3 ^Lt^ >«jj^ <j-^ («-*JO^ 

o^'-^l i*-^ 4_l*LlII JljJLSjJI ^ ■ '-^ " ^"j .4_ujljSJ1 4-al,-r-m!l (_yJI La JSLij 

** iv ** Jl 

^^Lill (_," -«-J . 4_4^Lse^ 4 J alf 4.Ly-^ ^LUjl j iliTi jj"i Ju^U-w i^l in'i^l 
J Ml r (jjjjLjJI 4JL>JI t'jJt fjjs jJlj i4aitj_>JLl 4 miill ^ Mii,l o i ii^l 

i«jjt:vlj (j^jJi »1 al«Hj <(JLdJLl I J i" ^ Oz^-l^l (2>'\a3>LiJI t,^!^ ij^-*^ JLa£ 'p ' ' 

^J^l I jLik l_ajL^JJ 1 .^tl ■ L « j.iV > . Ijjjil (J I 1 I^J ^ Ml M 1 II 4l>Jll ^LLsJ 

i_yOj-tLj ^ ^Llu (Jj-^ lr->l|l J_La jl I O^JJll J t\-^tl ^jji 

l^-4-&Lu (^jJI tUl T I r^V (3^MJI )J ' ^ ■^^l 1 _ < I II ij (jl (jl n I JL*j (J^l^ "i a J-^e-) 

JL>JI <,jiBjp.l (^J_ixll j.j*jti! 4 J .iii„ILij .4-yjAJI 43jjl1.I i»JLSj 

41^ 4_ii*il 4i>ai ciJL^ <tO^^I oLaLii-^VI ^>_t!iSJI 4_^L. 

^J^JajU 4_iSlj;_aVl 4 _i <_a -*.ll ,j^ j.l i^" (^^1 iScicnCC (joLilII) «^jjujL-lu» 
CjLjV^I Lal^Pjvl La^Ij IjI iVi'tl 4_i*1jl1I iJlj^LsJll j^jl i(°)^;,-41jlII 

Jjiji (j^j .jLii-Vl jjlj (jlc. Laj h-». La 3jLc iL*^ 

t-al Mi'^l J I ? CjIjU ' ^ 'a :(JjJ^jjj^^l La 1 1-»--». djjLj3> t (J II U I II r ! ^ ^ Ml 
4_c|_^| Ci^lUMj i^^lj ^'-^ IjA^ jl Ml ^tL'-"'' cr^ 4-^jLa 5l J -»■ 

JL^ ",j "'.'^ ■ ■'" 4 l'*- a CjLte-iLi^ t,^!^ jj Ml i u (Jl rt all (J^ISJI (jr» iti (jl L&jLo^ 
(Jjta IjUlj S4_Liej_>JLl 4 iri iill jLjj.1 t-J^-ui (j-a Lal .Cjj^JljVI 4^j i"i ^l^. ^>-^ 




(jl jLj.'icLi3 iJLv ^J] ^Jii£.J .i-<jJ -kJI jjjLjJI t^Lii. jLifl StiUj 

^jJI tUinJI (_yJI J>>^_jiJ 4jjLp.yi JjLu,^ iSj^jjJI 4i>.L;lj (_ai^l 

(_ijLjj (jjjj^ jJLulj ^ j I -».1 ir^j i5jL3-lj Stj^lj (JL:>-J 4 iiio ■•«■ (jLfl i«(_)j»ijLu/)) 
tjtajsl ir^!l Ij ii'rll i(2>^VI {_yJj "i ■ r ^ .'-.Alt |:k^ljL} «LuLj» iJL^j ^Jus 
_ f,\ <||<t) (ILlIj? (jLljl ' ^ J 'J ' "J 'l J S^-se— 'l ■ * ■ ■■t 
(j j I I I j^j_a (j^ <i « t (j^Vxa.^ j J _ (jj) I II .1 J > .1 jIj J lijj 
- ^LujJi (jr-*^ 1 <i j « fl j 'uj)"i "'JtH^ 4 «Li^U» 4JL^jJ »1 1^^ lilt 
jSj^ fjji LAjJJLJ jJdOJUJ 1 2_U<(^JiSjy I ^^L>iil tjl o t" ml J ■ _ I J ^ 

(jL^J i(jJJ^ I > J (i ''-^J— ^ (1)^ 4jJi.3LjtJ 4 rtkj «1^ (!>^J t»l Ali (jj I II Ij-»- 
t(lju;^) ^Jjjj Jj_3c£La ijL^Lw ^ I J J J -w i(_yJLfl 4JJI 4jtjx ijjIjJI 
i J jj ) n'i l ' 1 . 1 i«^L*j 4 jljl-<- , "iH tl J a j<1 1j (<JLc _ jij J J I M i 'ij j - ,_^LiJlj 
t_)J<^i.><jl (JJ'^t L_L1JJ) ri J IL^ 4 « «\~>- ijJ) 1_3^_JJI («J-Ij .J^J - (JJ'jl 1-^1 

.4^jVl SLh»JI 4jjVl i»jLflL I 0^ -UCLA 

0)^l.iLiJI ^J-i^ ^J-^ 4j^J 4.Ai>JI (>a 4jt Cjbjl « Luilj» 4Jl£j (jSJ 

«1 ^1 i>< -^i JiL^ (*i*Jl n "n ^-4— <-uj i^jJI organized skepticism 

^ i_3jji I ifliV i I i il i j-ajjil «L^l (JjSj 
.(^) <(4jjl£, ^jiL 4jjt > .IliTi 4jjLilII Cjl«l£,jVI (jj)) 

4 -y I?-» II i-dJj jj Lu/Lj 4JLSj CjLc.1 o" ->.I 4^Li ^al — , -^j ^Lc 
((^JjjJI) ^LaJuVI (j^j) 1^ Vj iCjl^jjji SjLC (JjS cJiJL>. (_^l S^j».^l 4j^M£.VI 

i((jUJI i-fli n i ' ..$l jlL» i-al .n" 'Cl jftiaiit» 4jLi I (^jJI icold fusion ojLjJI 

La, >if 

Pons tj-j^ (^LLij U_4> _ tjLuLLAJ^ jl i ^ ^A^ ^j-ujLa . 4_«L»JI 

^J-^ <jr^ i^J>j j^LjjuI jSLij IjukLii L*^t _ Fleischmann (jLjJiJa (jjjLoj 
^J-^ oi-i^ jJuj (_^| Sjl^^l cjLwjj i^jUJI 4^jjlJI 5jI^ 




(jjjl I n "r I II n Cj^J '1 -r a IjjL^ jj S^LlsJI 4_2_i_2_s. (j^SLSLiiujJLl I Ju 

(jjiJjj ijL^ LT^' <l_«_aL^ (JlijaLa (Jj^Jo iJj^J (j.^ «11 jsJj £j< U , 

(>a JL<iX.^I n' a (_gjl iVi 1 n I ( fijK'ii -1 gj"*^ el_L«_jSLJI ^ 1 n'! 

jj-o Jj5-*j crysLj I f I i .il «Magaziner J-LJjL-=^L-« ' j^l 4 o ml jij_^l 

ijjjjL>.Lo i»L3 . Lgjlj-Llitji L5j>i-" ^LaJuVI iliLfcjV 4jjL>jVI S-a^SLsJI 
1^1 1 ^i-Li^VI Jj^ (jiaojVl ijjLi ijyi I II u 4j_Lflj 31*^ t>"Lp (^■-'J' 

(jVI 4£,LuJI)) ijjbjjjJI jj-a ^litj v «jj-i^ (jjij^^SLIl 1 ihealth reform 
...jjjJjLjej (ji^jjLiLiJI el «Uli L^WI oJLa .jjLjLjJI Jj-UI - ^ . ^ '■ : ^ 

■ « Jj JL>JI ^«JuJI 1 1 jl. ■ 5^1 1 i-il 1 1^" t^" 
I \ i<-) jj3 . LoL«j jftJUJI jj-a ^iiej JjJ -v II ^«IjlJI I JLA ^j! JuiJ I n j '" (lAp 
«•iLajJI <L»:>.|j^ >^ ^ <"ij'»- '(^r:»-^ (j-^ 4_lIj^I i_ajj^jJiJ| 

^LuJI jl (jrd^LJI ^L3ji:i j^j (^) (^^-t:UI) 

^ fl jia «Lcj.a-'^a i"i ilr I La (jLcj_u< «L^jJI 5Li-ajj Lt^jj ^jl n i'uS'ij (_y^^ (jr^-^^ 
Jjlfl JJlC. Ji>>-J (j-a («^jJI iji^J . 4jjt-"iU 4j iIiii ^IIj (jJI L^icojj ,Jjji.^l ^ 

^LaJu"^! Qij^>_aij Ij-Ilj L« (j-jjJI Od-^'— aU II jj-a 

i4_Lxi3jjJI tfjui "J^J:; (>=-buJI aUlI ^La^VI (jL^ '-^jL^' l5J>^' 

cLki-i |-i-»-'i"t Utah oLijj 4jljiL>- j>a 5 Miilijdl 4_JjVl ^LiJI "J^Jj 
jj! (jJJ aUl I ^a- T i A lI (_>ai>- JL^J . L^LjLj J j y 1 ii 'i 4j^.j»iU jIjlcVI 

S^Lli) o^^^y cr^ ^LajuVI jJai. ejj^l ^ ^ t~ lg~ia ^ ij«^l jjl 

■ JUu I ^"1 I r'» I " I "n ^ 
^ 1 ^ (J nt-'» I II r I i^_ya ^1 iiill Ij.l -r "iILij ""'Ij i ■ Ullj jLjuj 

Ji^ i^ji^l I II tl-ajJiS «> I n'i f-« 2Lx>. Jj^J jW^' o' iJI o""i'«-I Ju>.| J^irj 

A ir>~'^ jSjJjj (""i-r I II (Ji;-^ I rt'i'Cj jcJj , JljL-jJI (_5jjjJI ^LaJuVI 4jjL». J|>^ 
jjicl 1 Jjic 4j>Ij Jj^ 4jL (»Lj («ic 1^1^ jc^l Jj iJijLiJI (^JjjJI ^LaJuVI 

Uj 'SLp. :>>>-j (jJI J J uij (J>*-^ structures ^'al ■':.~,CI eUiiJI 



(oJlaJI jjij pgj 



(jjj «.I — i'r^ lili (_y^ (J < lilLj 3l_»_>. Jl_>.jj Ji_a «u! I r<i i>) i «J L«-« <4_j_<jiJj_iJ| 

jjijjl i»La h<JLjl!I <:L*jf j^j-*^ Si&all tLjjVI «j-* jLijjl .i_^ljSL!l 
«.LftJjtll (jjs JJ-c <_5JI 4_3L_LisVlj 1 j_c,lSLj_ii 4_«_<iL^ Anders jjJu! 

oLj^jLa "5fl 1 — o i5l J (^jlc iJlaJI liiij (j' 'iU — 

^\ r i lilj (j^lj 'o^j^l (jJ^ SLj^I (j-a lisLui i contaminants 

. L« SijJtaj (_^^^jjJ( jLfc:>JI ij^lj 
Cjljjjji J^Li. 4jjJj JI h"i -».1 LaLu \ (_yja (^^iej^J.! j,Jc_>JI 4_ij/ljJ 

'("d"'^ 'J I—, i •»■ ~r,! p \J d ij^ 'j-''-^ ■> ii t L^Loj dj^JlLll ^J-^' 

1^1 i^Vl ' <jjj>-ml1 {^) SjufcLiJI CjUjjlJI (jl jL^JaV 4jjLifl i_ijL>ij ljt>>-lj 
i> I Jijr" I II I ij\ .^jicj^l jAj>J\ "j i ''^ 1 1 f ' ^ 1 1 J ■ ■ CjI jl n «n 

■ 4 J «lir 4^1^— >i-i £^ I J ■ "I • 'l U^^-jN. ° ) (i4iajL.uaJI J^LuVI » aAA 

^LojjVI jLli.1» Ajjjt^l C^ljt liJLaJI juSi 

,4aiej^l 3j-jr mil (_y3 jjjIo-LJI I «i (j o 4j| jL^Isl. (Jj>ts (j£. i« JjLJI i^jjiJI 

'J J ' " '^"'^^ tjlj mil jjk i-dJj Juu ^ ^ Ldj .^j^I i^jja ,_}ji_i1ILj dllj ' ^ 

. 4j1 li-v. (jitJjJLl jL5t>JI <iTj (_ylll 4jjVl a» JuJLao (_$l 

i'Ljt.jVl JJ-«" „a j I, ( t n VIjl^ ^"al ,^tl j^JJ,| (J^"i ml Ju2_3 iiiiljJj 
.^jSJI «L^Ji <>->■ (_7^J f_)^jVI 3Lj->JI (J.L.sLi d iiU'iU tj< . ^^1 1 1 I m li aj 

SjjJLX. oljji ii l J n"i I II J I iij ii—sLij^VI jL^a jj j |_JJua ^l*" Jl JL>J1 j i nl j 
5j 'r if^U (jl (jyi^^ (jj (i li'ij Jl JL-aJl dilj (jA^jl im1,1 tLaJuJI n y lAl^JLa 
J ^1 ^j*^ll LjjL». ^ u ( II (ji*:: 5_^l_c. i_iLfl_3.| qm 4jj( J.a.j>ij 4_j_5ej^l 
(jj3 ^j'i^ll LU (J a-t-'i I II 4jflji>. (jr^J i(J-JjJl 1 JuA (^j^^l i^^a (J^::^ LaLoJ (jj_itlitJ 

.( ll"^ll Iji^ Jj ' ^ ' ^jjj^ I^H 1 1 

Oilj ^ (>l^t i^jJI (jL^J-ll (jLa ijjIjJI J-^JI I j-* ^ j -H 

(_yjQlxJI ^a "i-> J,l (jjs l^ygl'n (_ylll «Laj^JaJI jlc. J3 (jnUiiif I (j-a (=^>jJI 

5L ->. tjc l'-.-»- jll L&jliif (^1 (^j j<Jl ^Ti I II v I ^ 4jL>.)ri 4jjL>Jl jj; (j a >llj 



4 m'! 4-jaj£ L« SLujl (;>jt (>9 ',ExtrateiTestrial life LsUj (j^jVI ^jtU- 

ijL>.^U 4l«3 Lijifi. yJJtij i^jJI U9 ^Ult 4i il"i'ir ajt UjLpJ <^Liijj SLcw 

j_,Ic ^SLiLtM SLt». j^»-jJ 4jL^I Ual Ml"*)! J h ftl (J Alt 1 1 Ll iriiiU «jub 
Ijuk juu» :(_^tjUb 4JL.4L». jSLIl ^«Llj j ^j^j tOwen (jdj^ o-"W>^ 

Si J nrW A-uaj-St^ »1 j <l j ^ «IjjJ (jlojVt (_^lj9 W^J^ (.7^ i»J->.'l (JjJj (Jj? 

5^ m Jjt (_y}9 -i>>->^ Ji^jJt Ijuk o' <-SjJl». (jl . life-inducing chemistry 

iSLi-sclI 4_ulj^ f^i^^ I dj'*^ CxjL^ C7-^' 4 1 n 'H II udJj ( ri r'»! 

«LjjJI (jSj («J ol 'Prebiological (_^Lp.l _ Ja2 UoLiJ 4^ jjl LU-u» (j-uy 
^j,JLl j>» JSLi i: : tr^l>SLJI 1 .^^jt b>^>-« o'^ d»l m. :1I liiJj 

jjjjJI 1 i i>» *\ (jL^ 1 ^ ^^"\ (J II In 1 11 f- 1 J J n 'g .(jjSLll f LsBjt a -w (jlojVlj 
•.{jjjjl Vi^j^ jjl J_i^ i(_)isjVl ^jl->- SLt». 

.«JJjJI LLjjiiflio'^l L»t 

aj n£. JU>J (^jJI J '(>!BJ>il tA>-^' J-^*^' uLU JlS .oli j 4_flUi»yL>j 
JaS 4 jlr LjjjC ijJcJj^ J-'^ iS^ J « f (.y^ i-a l« i '<i t 4_J^ (>o J^^^^ 
4J - (JjloJIj 5 . .. 4_Lajt 4.iseJij^ ojjejuai Jlo-^I (Jl!iil Juu iiiU jJj - 
Jjij .(_^jVl ^jLi- SLlsJI Jjj>-jj 4 irU'iU 4 ij ol ina LaL»J 4 1 ii" ! i n a 4 j « i ft t 
(_pajVl J rt"! i4_j.aaV| jJL J.T r . ,i .ii_i ihiil -r J jj>il (j' V i^'il l j dt^"' » ^^ij' 

i^jVl (jlc LlA sLoJI L^ji otju ^1 4 I rt-».ll cdJj Jj*^ >*j • LjjUj 4Jijj 
(jttt'ij i^^SjiJI L4I 4_«jL::JI (-.^I^Ij (_>.u.«-ui.tl 4_tfl otju i^jLll c^ji\ jjkj 

Oili a^ljj ^ tjLji (j! J>.t (>9 ' cr^i 5-3>«JI j-Sl^ 4j^t iSj-iaJI ajjk 

.«4 inn't «_i£jSLJI (jJLl (<u-iiJI J -»- <i it l 




• iiu, lTJjMj t ,A (jic JJ>J (jriJI 4j>=Ba^l J:^lj rocks Jiji(U^I 

(jjjji 'iS^^^ J "j" ' ".IJ ^ J-J -crosion Aj^jljJI cjLjL»*] 4 _i"h 

3J14>J j-jliJIj 'Wjj>^^ i)L*jMJ Ames Jaju ^j>1,I 

(_^J_uJI >Jtj>JI ^^Ij-^ f l^'^' i3i)-^' JuLiu AjIjJ 3J_uo «Ufiup V (^jJI) 
j.9ej (>u ^«flljJI 4 jia^l OjJl^l ^_yt-lMJ t(4 iiiii't ^«^Vt (J. a . -rj (^j-llj i^_,iej^l 

T- III ^J>XI ti.U"i <j» :|^tSua J>-^ .^jjU ijJj-S f.\ju] ^jjJi Jl li fM-^ '^1 
<^^^_»Jlj t"tl Ij.^ ^ Hi^j.st.jLui\ j. I -V n» CjIjxul) 

4 o n't lLLIj Cjl>\S «.Ij^j .«j^y^jVl L-i^^ uSi£- j 'i o J^t 4ajj)''>^'itl 

(_yJJ J ii" lij i(_>i3jVl (tt^**- ^/i^ I jJL^ot 4.<.y>. (jjSLi (jl » jtJj-«ll 4.4JU jt 
4j; v inti 4 n iV-»ll <— ^jj ji (jlsjVl CijK ^^ill 4_Li>-ljJI Sjl^^^l jjLusajs 
4.JUUI 4 fi i\rt\\ ejjk i^j^ L^Vj^l .S^JuL^s Aj-iIsjVI Sj miSII C^»o Sj^jJll 

3j l'?! S II «'^^<3-^^ 4 ,^ injVl 3 J ^tl ^ ^Ja!h p J j" t semi fluid aIjLuJI 
jf ,_>iuLj| La.i.;n»,ij L^Ki^i *Lit JjVj ULp^t <u.uiifl .LuS^jSLI iikjiuJLl 

^ t A ^^^^ , 1 j ' ^ ^ ' "I I ' " 

^JjMj 4_«jjI jI 4jMj Jifl iSjjLiJI 4 jiajJI i_)Ll».Vl J>Li. <Gl ^Jju 

jL^jf ^Uiii «jjjl^ 4jl jjuj «H i-dlj .(jVI JL>Jl 4_il^ L*^ 

cJlj La ifll j oli ^ V j" J jL^jol (Jjl-'* , 3 ;<1 , ..J 4jijL>- flt j-a CjI j nJl)lj_i-aeJj 
SL^ V I ^^.iia JJUJ i^jJI t_»^jSJI | -U,,. 4t lU'ia . jVl LkjliT 

tiU ii^UoVI ^ 4lSL^ oLi^ ^] jj^l ^ jL^>J Mil o'^'l L-t .««^ 





jjJ) I (j S n r tr-i^ Ij i Valles Marineris I ^-i canyons jL jjJ I j t^"— 

i TT • jj ^jJI^ - ^u^l jja^ ^^Luij^ J ;^ ^^^^ Ly*J^^ > 'i iTi^ i JL^t ■ ■■ n 



(oJlsJI jjali (D9J 



(Jl£L<I/l (j^ J^ik-J (Ji^-^ l'-y t I j" '"Ij 'J «tjieJjJll 4jjJ1JI S^^jJLus 

■4 I -v j-a cjIjLiil «iji Ijij Lo (_)j<L.<tJ>JI (j-o ^_>II CT^J .31 J -k JI 

JJLjJ jj>il ^t-i III jjf gJ^ljLa 4_i^j_*il Li>.jJj_)aJI r, 

^jj-aU (Jj^Lfl! Lal i"i^"i ml jjl 4_iiILi i^glSLa j-aj" I ii.i>^ J « i'liJJ .oLljkJI (j^ 
ol J "> » Jj^^j (_,"i i<L4jJl^ 3Ll:>. .iJ^J 4,,,'»^, CjLs^Lc ' ■'^■^j ■ ■■ 

I— al ni^'l I iiV j 4 ■> i'ij-ll «Lj-cuVI j i ^ "i ^1» : Jj-dJJ .^t^ . ..tl C.aj>iJ 4_lIL>. 
(Jj li j ■ ■■ ■ j^i-a ' ^ 1 J ' ^ ^ I CjIj_ljx_jJI ^jl * j ■» ^^jjJll (jf^ 3Li_>Jt 

cjIj j t A\ (^J-^l ^La Liiijl ,_pJlj «oIjjj 4 J T lU Bonneville 
I— oJjG ^ <4j4jj_all -'J J J J 4 J i'-vLjj 3jL_i-u ' 't j ^ 1 ■ ' 

jjlSUI jji Ijuk .,_^m ^ I (jj j tj jjK |_$ jJI creek j j ^ill ^La (^1 5 j t%\ , a 

IjLij < fij^ I <i -wV .«SLljkJI (|_yC, lj-5tj (_p3jVl 4_ia j_fl_>ij jjl 1- i-yj (_$jJI 

lol J 'r II 4jjLji^ Lr'! ' ji)-"'' III (_yic. ol J -r n 4-aJ^ULI i_3j^>iaJI '"'JJ^"' 

^jLj>- o\ j -nJI i^jji 4jj g T" a ^Lajl Jlj^^j J I "i 'ej ^! I j i*^ i j (j,^! -y "llj 

.(((Lfclj-i ijy>. Igjir i-aj «"i i 1 11» tijlSLa (_h<j>^ J>2j) .alien life ijjij^l 

(j^ (_iLiII jj^j_a ejjt 4 j iX>j^l ^jL>. 5Li_>JI i-fl^ < ~ II 4_i_iia^ 

.(jitjjJll (^_)jjJI jjil:>JI Igjir (^jlstj (_y!lJI 4jjVl J^i». 4 Mi^Lija 



CLsj i" i t (jy^lj i(j iiV> I II f I (j_o jjLjjJI (_ya i"i ilr I jj^l ^Llill T (jSLaj 

4_iuj! i'it. I 1 ^ (J II u I II r I (j_o j_,ii_c j_)j/jl uA\ (_ya II J .. . 4i*_ji 

cjI j iiij3 it:iiljjj>SL!l globules cjIj^ ^ 1^ 5j.it_uaJI |_gj_l--»u _ 

i^jj I iiIlSLll JiLa iJliljj 4jj "i n a (j^-a* ' "^^Ij lliJi^^' Cjijj jj^a 4-uJULd 

4JlL^ 4jU,Li J_>.Ij j-a-i CjIj^^I aJLA J ^ mi"i j • y^J J i n j i < 1. 1 J I i jLjJUaJi jl 
jluj i(_)i3j^l (jjJ-Cj lOj « i"i (_p3_>_c I gia («-*-^ '^'ij-i ^ Ct-'^' .Sj_je_L<aJI 

j_ifcj) cjljjjj^l cjI i I iijJi dil Uj -«.1,1 jjiijju (_yjJI cjLajJLiJLl 

0_JJ>SLII ^ > JiiX f jLc. SjL-l^ y^J 4_jia_»JI o jjfc jjl ('•m -«. < Ll! 4_i lir'iILl 

i^L^JLala-l I i K aj j_^l jjjL>JI Ji>a LijS^j^ ^J-^ JAJJ 'cK'J^' 



OjjSLj ' ^J^J i^'i.o ^ijii-a 4 1 'i m! i(_,je^jjJll j_%_>JI tj^-^ 

<jj 1 J jtl^ PAHs ^) (_y£.jLj tliLl)}^ (>c 4-^, v 7l'{\ I 'n i»<' 

PAHs cjLjj)^! ^l_3 .5^ ,u .tl jI^I ^ L^jSj S-aLtis^Li <4_ij>.^j_u 
(jl l.i,»r>^ Loj» lUneven cjjLilija ^sej (_yic 4£,j^^ tiiL^SUI jji-lj Sjjj».jJLI 

(jjLaJll £^ Lliljjij I—iAj! »Lal«JI J->-J >cl)Lj^£^£JI c1)Lj^_^ (J^i-) - 

liron suifide jljjl>JI 'j ironoxide jljjl>JI .n m'Cl Lo-ifcj i4j m^ililim 

J « , .. "1 1 j .» 1 ~ ' . ..'j i4-^I ni a (jjLjL^ j«^j'Mr>"n Ljj ill ^1^7 (J .-1 1 1 

L'! -r i . I *.j AU «LIj! i j • •■ 4_9-^ (_^LiJljj i((Jii iiiV))j dLmVI 

1 J ... 1 <T ^LliJ <_Jla2jj .(^*) metabolism 1 j .M - . ..V a^^^L» jLLi« 

.c1)Lj^J^>SL]I (jjjSrJ 3_4j^<UI l-dJj ^yji 2 ^ ^ ij^l 4 'i J t JLJJL>J| CjIj-J-dlu/J 

Lftjj 4 I ir jULuiIl (jjL»il (jl (_yJl J J Mij cjljjj^>£LJI (Ji-lj Lajjjvj (_yJLlIljj 

^j^j ij* ^ " ij^.^^^ C-iJa^L». 4 j -».11 CiLijlSLll Jt li i Ojj^ 

cjIj^ rims ^jl 4jj^I 4_ijjj^)JS[jyi jjfcLsJll j-la 'I>j^I - 

j_^tj 31 J -»'» ovoids '""'tjj J'" i3 <i J 'u ^^^jLj t,^!^. "i CjUj-j^^SDI 

4_ij>JI ji in] (jrjj J-tJ tPJIj i(*JtJ>JI SljHnll L^-pSlJI i>ju*J 

(jjjw jjk jj^^SLJLlj .microns cjLjj^SLJLLi L4x>L*:>.i (jjiL2j iLuSj^ j-d^ 

Cr'! * ^1 "< K- 't J .4_U3^1 (>s* (_yL£l. Jlj^j v La jI 'J "i 1 jIUl j>» 

Uj^^ J a Lg-La 3j_>.|^l (_jisj_c, jjjj ((4jj -^U [jj "'v j 1 1» djub jj^ \ ' ' 



4 III flV I j_yiBjjJll j_^jjiJI jj*_>JI 5ji^;>.jJLI cljbj if-> j iII (_y4a i«Ljju»jV| 

iLLLS/ (j^jt (jj-i Cy ""i.i"i" **JJ^I iljVl ijf (_y3 iSJiseil jJj ((^Lsej-aJI j^Jll 
I^L^ . «I 'l I Ij^Lfl (_5jJI j-Te -kJI 4^JL3 SLjJi. Jj-»-J 

<ju>>Ll<3J SjI^ ^' d ir> > ^«j&^^^jG ^"m i 11^ - ^Ij ^iii^ 

I j jt^ jlS i>oj (jT^ PAHs injljj)^! 

iiiJLuk si J Jj->-J (jL-ti^l (_,r 1 1 J (j! (jjj (jjo iLuaj! iwj^lj^l »1 i<-i lili 
j«j i4 li l"V o iJlilj^jj^UI (jjo JUJLaJI 1 1 j lil I iij (^"^) Ci-uJLsJLl jj^Sj L^JjJ 

(jjj <"i'ljS[j Ajj^L 4_aj.2.»JI 1^ ^-^J iJliLi) i?ijj1l (jij tL^La-lj 1. 1 1 11^ 

•iuuaj Lu «(j.iiljLu» 4l%^ jj) 1*11 iU |«^Lad Q^Jl»>LJl i _ i'i^ .SLiaJI J^jG 

(JjJjljLI iL^lj conclusive 4 n ml LuUaa.^L^ (jji ju«j 

«Lulj» 4Jl£^J I n iV j J UJ-'-''^-:H^' '--':i>Aji5 L^^^*^ ' J 1 1^ j ■» j J 

:*L*jJI Ju». SjuIj ilLa.^ ^c^lLlj» \j^'u ^\ jJk 4 j~it i\\ j^l^llj 

L^ljLij ^ I j} j_&tjJoJI ojjb ijji iJSL! 4jjJU Cj Ij J III li" -iJ-^J ^^J-f^ 
L^l J f I jG jjhio Li^j.jua-SN'j — <( < fl j j^ii'ill 1 1 i f <uj ^| i2jl>> 

i^-j-I-s Jj-ftJ L^j' (^1 (j>-»lV iiii''^ - spatial association (ijjlSLJLl) 4ji3_t^l 

La (jiiJj . Ij>a 4jI y"! iiiVI (jjj^^l »1 ql tll Ijls. '^LiJj Jlsj 

•.4iusljlx» SjjjIjJ <x>.j_cJl SjvLcJI jIjLtt (Jj^ J-il ?(JjJjlII Ijufc 4je_LO |_JJb« 



»1 J.tJI o' J>*I' ijj : 1 II ''l <4_uLi>JI 4-*^L>Jll <i.A I Mi'i LLa.l Vi ml I jJ 

^IjJli] i(>u«L>Jll jjj i-i«l p j J 1^ Jj I ^j-^-uS lUrt Ijln tj Vl (-.L'» J 




^LfljJI (>j>3 J-i^ 1 a M.i '^J>1.' <jT^ ^W»- -^J-^J ^W^y prosecution eLuV) 

HjjJ -jury LjJ-al^l JJJ i - it l'i jjt yjjjLtJI (jruLI^I L rjif i4_<jiL>vl| 

5jj_t<aj 5 i» V I j»^L>J[| j^y^ <Lj_a_Joj (J "f a "" (_$jJI i(_yxisLiII jjJ i_<-»L_t^ 

^ Jj .' " J J j' Jj .' " (J-JjJI \jJk ijLj jftSL > JI (_y£ 4 J I iiLu} 

JjslSLIL (jjijJ - Lj? Ijh^t ...a liiJ jj ,3 j^Lii 4_fl_iiijJI o'jJb JI33 V i4 J t'^l jj| 
^jlal L«j|j ■> « "c 1 .1 a liJJj (jjs Cr^ L7-^J -(^j-iJsLSJI I ( jl i i'). J . .1 L«_5; 

■■■ I ' ■ ^ ^ '_■ jjj ijl jjVl JljJU>j JUuj .(j.c UI I J_iJjJLj 4 rtU "U dil 
jLjjiil La - 5 1 ...I-- 4 ja i»l CjI j 5jL>.|j jl "iV 1 (ji I nlr lajufc jjj^ ilyj • 'J'-'^'j^l 

'54ji£. («si ^1 Jjj-a_jJI J^! (jjs JJjJI (<d*JI 4.4SL*^ 4^ 

^1 (jL^ i4^^t_a jj^ d a <i I . .. c:^.-sj ' ^» " (_^\ tdJjk JiLa 4 j 1^^*^ 

4J jj! I- . T- J |_$jJI jLgjJI (JJUi 4^j_«_o J>-iII i.'lUj III OiistJi jaLjw 

(jl I- I T- J (Jjij .SLpJI -3^^J l5>" j j i II li" (^1 i-^L^jI (j S . a J V i- M'fc J mL^-jV! 
LjLiiiill 1^ i_ijilail jl J <U j^j < Jj <i « 1 1 i <l Mii l JJJL». (_,t-iV "n aj j 1 .^1 liJJIs 
SjLi-i-u (J^Li- (jjs . d UI , .. , 1 i4.i3j_a CjLjjI «L^jVI (j^^ i—i,"^jJij (Jji j»! S4-ijl '17« H 

compelling «jjkLUI JJjJI» Jiji nU mj "i « tiJLj jl j « a V "i i n l l ijlr . 
.'r.! t IjLtj-o I "-^ .U IjLfl ,iiJJj |_^| 4-al. i'.->yLij -oL^ ^ LojL^ .evidence 

^t/^ ^ . ^ J " I ^ j *a , 1 )r- J . J t 4-L^ olj 4_L_^Lus| L)Laixd j j"'* ' " ^ i(J_^_a_tJLl 

Jaj S^LajJI Lg^jLij 4JjVl tiUj Joia i»! iJjjLj J J I II ii"i (jiu ^LcjVI 

4jj^f 5 l'; /.'l .-■ ... _.l"a .4 J a Ir (<i^L*_a cdlUj V Lljf (jJ\ l>Iijj 

4j|j| (C^jlc. ' •-- ' (jjjJI iftl al«1l JaLtujl Lt-ojj jLxi L^jI (*^J (jt^ lijaL^ 

«.LJjlII 1 jl^^N.' J J I II A't JjL»J cjLj^t^ :U 1^ 4jj_Li 

(<iSLlLc. 1 v i»! ^JjJLl 4.a.tJ^ LLlLLik Cjjl^ (jl La jJ^>-3j Ju£.j .(jj^)i>.'^f' 

4-j-l inl («l^LlsI^j i4jj>U (j;yaL>J.I (jisj-c. (44^ ljJjL»o (j! (j j l il-iU LgJ^ 
(jJI 4 ,,,.:U _,a 4 JL>. .(«-ft^iJ It-i H a liilj JJUJ JL£ij -(jJ-K^ («So- 

4_ijLl>JI LiL_iia_aJI (jrTr <i"tj jiJi—Sj (jjJI 4jjVl (jj_»jLlj (jJ^JI tilllj' 

'V 



faJlftJI jaaJ 



" e5>"'^' Lkjjj^ (jij ,tj J I n't 3 Uj I iii 4 <i (j a i jlr ^S L > Jlj 

4_4-^L. »JLl 1 1 1 n ^1 1 i X .«u .^^j^l ^ l'* 3Lj-j>JLj |_3 i « "i a iS^J 1 1 > I "n J - ^ -»■ t ■ ^ t 

I (jjlr (jrjJ^Lc (IrujjLstjs ^\ (j-fl-jj (jr^' AJ-^^' ct^J .stipulations diUoljJiji'i/Li 

y— «_>. (jl jl (jhl (jjSLj (ji c_OEj i4 J I II -Sj-i-^l Oi^ (j 1 1 JLiiJ.1 (Jj I III 

j^j^ ~ j~ ' Laj j i II 'i" J 1 JULJ l.aj^ L^JLL>oj • I jjj"'» ^^.t'lU 4.a3>^l 31 i.nl i ntlj 
CjI ilU'r «i'C 4_JllIl lIjIjU-^II JjL:aij (jl 1 i <ij iLLUjJj .(djLuV l-«-J-«-^ l^j « ir»! 

lisLftjVl (J-«-aJ lilij iTi j«J 5j.ie_LcaJI tfj^ ij^lj -slj-I-' (j' 3^1 - ^ 

. U^l i°:.-<l 1^3 (jj-^l 6-» ^'^'^l ^ 2Ll^ 

l_5j-i>>J c?^' jl^-aJJ J m li t, I JjlsejJI al , > -»-~ i nl _ V 

(j£, ^ 4ji^jijllj J «1 AJ^^\ o jj* (ji J La 'i-->.l jl t i" ml _ i 

. 4.;ij>JI iJIiLIjISLII |^>3j (_^I iJUj juJi. iJlil jl aC 

tjJL^_A i-iJj-Ij ^ 4 » i><J i^jJI jjjLil (Jj_aJI jjs (i) 4ja.SjJI 

(jl_jj^ J-^j' "J ^" '' j— II - LaLaj 4-iJI j-kJI 4_u.iastj!uJlj _ ^aJaJiJI jjjj,! j i»j 
i(jj) iiiUlj j^JL^Jl)' 4_S_3lj_ja ^-JJJJ (j£. <_fl^j-jj V (_5jJI ijJ.J-& (jL^ .(^'^) (JjJJ 
4 1^ (_yi (jj I iit-ilj ^1 I II a (jjJ^ 4_ijLL>JI CjI <i j<i ->-"ll jj^ (_yJjV( 4jJlcI^ Jl>^ 
i(J-ija-"ii.fi.U J»_rif.uJ Lajji. 4jt lii! oi^ 5^ ijji itS)) :4j >Ljla <<(4jijjVI 4j>Lc,)) 
.((^4iji>J| ^ (j^^ (jl i-'- > J 1 Jl a'-w *^! JUaj (jl£ I a(j a i(_3.ajJ 

> ' -LLo i'lUn i II (_^l 5jl J I ii!l ^_ijLiLo (jl^ jljjl><j (_y^ 4jjijLa fjjJLI ( i " i j"j 

(jf 4 n J ^ -> — 2_Lla-tJI 4_<jijl_ail (_y^ — (_yjL«j 4Ji^ '(J>^' iy° ^ o'-^ (jr^ 

IH 

r 



tj_J,l Ijuk ^^ic J n . " «J ^«JLc jjLs LdJj jjji ty^J . Jj«-illj (_>ia>.J JlS 

.(3Lil<JI |J.«jlJI (j-a J j'i^^l l)^'-^ (jr^ ' Wi'! (J-»^>j JjL^' 4_se-i^ CjLjj^ 

(_,()" n ^ JL>JI Lft^) j-ti-Vl <_<iJJJLl jjkj iZare jij jjl n i 'j j J>3j 

51 -»■ a jj) MiiU (Jl s , <ll ^4_u^— *JI »L-JI jf —Z i-^j.^>JLj jOAjl «i i »1 
Aaja I 'l I II I La Lat niLuSiVl (j r>j t J »1 <il«ll jjj» :<((jjijijLj<)) 

jlu». --jij^ SjucLa ^LjjV 3^L>JI j^jutdJjJj .««iLLjijVl 4jtxo cjLjJ 

, 4" u a i'l'Mit-it^ J n «" I iij i 1 (j j li i; J-^^ '(.7^ (^\ ^'i"^' Cr^' JJ^^' i«^jfl'>- 
«f» f_^L»JLI (j^^ (jla^'i <i i Ij . jIj^Lj Lglijj «,i,^ Jbijjj ifrl^jV! 

u' '( ^ ) 'J InnitLj 4jj ^ 111,1 i-flj "1 «Jin « t» (jf I > 7" i I II .( jjjJLl (_y-lc 

9 

4 liiii tl 4 Tr I n I ^ 1 ,1 iij (jf (J o ," 't» 1 1 (j^J t^£pLl (j-a (J« nlL C^f Jl3 Sj V if»tl 

i(t') SUnitL (jjiLaJtj «iixjiijjj i^ij^lj L^f (_$t i(Y) ^^aj 

SL-L»JI Jj-S-J (J-Jj (.yi^- (_)j«-flJLl (_gjIL>iJ SjV ir^ll jl ^jlc (J.«ajj (_^l 

St^"" ^1 4-3e.juaj ^ 1 ,1 iij (jt LaLaj 4.^^^ i'"! 1 ni" j m 4 i^l '.^£pLt 

(jt « t» (^^LscaJJ • LajU 1" I iil i_t3>jjj 

i2_ajLall Jjjj (_>ia*-J CiLjj^I fi- ir J^A^ c>*J^ ^JJO J 

lijjJjJI j-ij LiJ oLjj ^ IjJ iJLiJLl Jj 1 III .j^VI J II (j-ujJj 

^ jIj a 'i iiiVI .1 t rtl.1 ^ 4jl jajJ ^La iJj S t U I 'l int i JjJU». "n L4J 

3U:;:tl ^jlj jj[^-<j< ^bIuhici (_y^Ls«Jll (jUs iJULij .4-»^L9»il Jl a^'mil 

(jt J;».! ^ 4jtj i4 J in "nW crUX 4 a i.iL-»JI 4 \na'A\ (_yic (i) ja^j 

(j£L4J - ^1 J — II Ai^J pL i' i " ! i iiL - CjV l . aTi . 'w VI j»^ j a (jt jL^} 'J ii^'iij 

(jjo (Jj ^ « /t J'J'-^ tS>^ CjVL.aj_9.VI «juk (_>^aaj I- 1 'r J ijj^J • 1 ^ I n i^j 
ijSLat IjLs SajjVl ^ 4j;Jl^tj ,«?» (j-aL>JLI 4 jlf ^ <nj La^ nlLUI 

(_yic. I j'; " Ij J ■ " ■^'"' lLILLA (j( i4jjVl j2>ja cP*->*^ (j^Lr^-alt 

«juk oj^"' ■ ■ ** i^JjJuJI CjIj \ I iiii'iU ^.a"^ VLaIc>>l <^,^t 2l j -» JI ^^^^ 
Ijl j« o q] (Ji^jJ! 4-fclUi"i iiiLj jjSLi ^aJ - LsLaj 4^j|^ ^j y - C u 

. JjiJLl 1<1 Mitl JJJL>. 




(3Lioij I \ ^A^ ^»L£. cjL^i <j\c. jJlc. jj^j-^j >«- liJii* _^ 

. \ '\^T |»Lc i cataloguers ''j a:.,^ » ^y, ALH 84001 («^Vl 4_iic 

impact LajLuaj (jl - dili ^Lij -^-J^II '-r^J^ «Lili» (jt JUJLso (Jj^ 

lUri III 4jlj i^J_p.l S-^J^ ^^jtJ>JI Ijuk JLua^l I _ 1 1 1 ir 0_J^ (ly ^4" V La 

(jjj *l Lii—AJI SjljJl_c cjIj-LuJ jjJi-j (Jis (j^ J - « ; 4j1 ^! 

. interplanetary space 

L«I .(_yxIaiJl J .1 L>Jt Lftl i^-i 'l SjJLl < Ljjj_3j aJlu, i_iJt \ T • 
ej "i lillj (j^lf- al jJI C^jJI 4. j 'fl L«j 'r .t 1 1 < litl j <i t]\ 

. S-Lu, i , O 

oLj^ c^Jt^^' ''-^ lI^I>^ ■'^1 - ^ 

CjLi^^ (J3>|jj . 4xu/ ^ < ^ 3 '.' j-^l (J:i-^^^ Ji-l-:*-; 1 n i j i i<llui 

4jjL^ liji « inti ^LuojVI «JLA CxjL^ (jj La |Jj->- Jbt"»-U SjIj] LLl<&2JI ^^^I Lst 

cjLjjVI »c-a^ I v i" I iijj .31 J -sti Ju^ (.7^ »L2^I I j ij (jl J « 1«^! lO'iK La 
^ < fossils j_iiL>.i VJ L» oLi) i^^j jtl (JjjlSjj (jjjJI tiiiJj! j^J^ 

'V a (jj9 3_Ljji_iloLija (JjLljo (jJj 4flLu3^Lj iPAHs « i ii_t jj-a 

oLjJ^^I «juk o -v (jl lt-^J * ■-4i'->->'tl cjLi j «il i rij jljjl»J! „i j i iiL^l 

L^t 5 ^ J ^ — 'a i4_i^>JI CjUjISJI iy^^ jl j Ml "i i II v i Laj j i ii n't ^j^LaJll 

. aJj ^ mil elxA (J^i^J I J ■ ■■ -i" (jSLgj v ■ ^ j ■ " ^3^LJll I J « J 1 J 




J-^j-jj j i.i li "II (jA>.j J>^ >jl jJI JjLjJLa ledJ jjj 

Crf^U tit>i^' it^Siit] 

jjjJLI jj£Ll . JjA^I jLi^! (MiJ-*-' 1 a>l"<r 1 (i JL»^VI i a 1 i ilf < 

fri n mil (^! iJJJI 5^ > fiir-i'i myths ^lalj^lj ^^j1sL<j,VI I^:*^ 'Ji^' 

(2jj9J . »j irill jj-o ^ ' ^ -»■" v UsLoj 4L<iL»- <(j^jVI JJ"^ L^jL^ J'-'-P 

I J ■ ■■ I J « "alj ,-.txA - ^1 .fixed stars SJbLill j» -riil 5j ^ n -v. (jrij 

La ^L^^^_i^ 'J3*^ 1 d ' ' »1 o I lili Lutl tr I J ■ '-^ « ■ ^_^l 4 I I II i lU 

starry 4_j-«_aJJI ^IjjVI ^\ m -w? 3_u.-4^ -^LJ^J u>-;-^'>^' Jaa-V 

i-jjLjj—jJLi (jhuGj iplanets Sjl j mil <_i<l j£Lll ujufc ojLS^ .constellations 
^jjadJI ^1 3 1 iiJJLi I (j t^l 1 wanderers «(jj-ajL^I» j! «^j^j-atuJll» 
.(^^ ) zodiac ^jj_JI SjjI J ^IjjI lAJ *^ia_u 3^j.-r," «i i5 j o "i m « ■'jj ■ ^; 
iL! 4 " ->.^La (j^Uj tjf j-iit »1 Uji cjLSj_*_iII « jut ^j! (*^J 

J jjLS i^jJI j^ J T '^ W t^J^' 1 1 1 < " 1 a ^'1-^ lLIj -y 'i j J-ifcJ 

ijjljdl cjL^j-jsJI I Ml i" cijl^j i'W ojuk (jl (jVI 3 ^ il , „tl iLtUI 

5 ... T^tl SjLuJI i_.^ljSlII (jrij jj£LIj .ijj«-4A!l i-^jSLIl lo^J orbital 

t^J O^J^' tjrll Cr* «>*>'l i0^j^>S\ jrtJLlLj L^Iij^J (l>^-flJ cr^l 

(jini Ml II (j-o I J J I n't <Ljj^;_a LajJ (Ji^ jW-^W ij^J "tSi/^ jflUf Lj 

l—l^jSUI I julfc Ja3.>lj (j! J^UsVI l.ii<«lj >L3 o mil Lkl^ L^jjC. 

jJI n_gj ajJI J «-^Vl ojii\ jd>il ^.1 "_' .^jjijil jJI J_iill j»>Uo (_ya 



^ i_i ^ijj LiLi^l 3>-'^^ • i3^^l tfjj fltS CjIj^ j_yfl SjjOj 

(J III Ml H ^—a ^J^l 3j •'•'J ' ^ .'^ <-^j t^jim i'ill 

<tj I II ,_jjua_a? ^d>-tl ' -ij " LjoJlIcj .j_ac_iJI ^ S-iJ-*:? 

d J rtl-stl aJLjfc (.yi^ o' ^ J ' ' * ; ^ iJi^^ (J'>^ frl n I II 

flLsol (J ii5v « I tiUj JLiLJ '(JL-iJ SJulI i_iLajJ JlS jxj_*JjLi 4_«_u3jJLt 

idj ^Uiif (_yjua2l djj ■'•■J -»i i_4^jSJI overtake jjL*JLjj i 

L»^ i(»jjtjJlj <jtju3jJ,l 4_L.aL>JI i_kL>JI j_yJI OJ^JEJJ «LjLSj ji»^' 

backdrop iiiLi. eJCu^ (^^^ 5 . iilLill SjLuJI j>a (JuL^II Sj.*ci jjljj 
iRetrograde i£jj3^\ c'jjt jj-'-^ Sjlc Jl»jj . o'jjt^ j^^'' 

jLijlJLI <Cl^j^ «L>ijI ■> "i i 11^ OjM 4jl^_>ij «L>ijl ^jji ^J^l J J «j 

JS! «LijjJaj iL^jI mi a LSjJj^ "' "'^^ L>^ (J^ J d ^ij '^'^H^' 

jJjLiLi Lo^ J I (J^l -'J J ■ ■ J J tTt I " J . .. «Ls^jJ ^1 «L^Lusj ■ L>.jju3J 

J- J "'^ -j CjI^ j «"t t_>^^ t "i" (l^VJ O^J^' llfV ^1 1"^^ 

jVi I iiij »4_jj^_iJI 4jL^^j_*_ij 'l. V I ^J^LI ij^Jj ijl "i"i ""^^l <;ij ii'.'J 

i_jj_j»JI 4JI ,Negral Jl Jlaj Mars (jL^ .^l—iIaJl ^ 3a --tl 

Ares t>*^iL)l' u-« '• («-""^( lUj ..i_t JjJulJ Ij a -<1 v» ,a_iLl_J| 

^) jj^l (_,"<->■ L» J V ~ III <i Jijj V i^jJI (<i_uu^l jjij iC''^) Mars « 

5jij^Jolj I «y I ciaj a. <ii ic <j iji jj^ j—j-S! J_«jj ,(<_j}__ji3oyi 

4 se^LDt «LjlIjLsb^a ^ " jl^V a ^ i iij jl ^Lajj ^il^ i4_uLaj^l 

jdj^' jljua jj! J >.jj u XljSLll iSj-stJ d_t<3L>JI 4jjjlj^ i-^l mi'i^ 

d jlr J .^j (jK Lq.< Lj^Ij (j.i jlj .elUptical ^ ljl<sj JS-ii «d ^_y, a Mitl 




^£jai\ SU» ,jc .^ut^l 



i^jJI iGulliver's Travels «^^^U- cj^U-j» (j^i«J.l «ub^ ^ 

i^j < 'u v iii! (jLoSLjj^ L_*jfcj Deimos Phobos 

jjkj iLowell JjjJ Jl <i j riij-i j»La ij - i °;f r j_ljLiJI (j>-ill 4jL^ Jj I — ■ 

J inj-a f.\ r I I i(j Li i lUjJi— <3 (j^i "J <Lxi*JI ol— ^^^^^ i 
(jjl_3j_4_>. ^^jjLij 4j j li -»■ (j! jL- « I J . ljj>Jj' ^X>^ '-^i "i I " 'v-^La 4ijJ a 

JaSI j-^l ^ >j iJj>I - canali ^1 4_iJLlajVlj 1 g Ac _ ^j>JII 

JjjJ ^1 j! i ^ A^0 ^1 c (j-a Ijl I "i f j j .3 J SEj^l «Ol jJ-itl» (j-a CjI 11 

La^ 1 J J ' . 'J^ ' .' 4jj"i^ o 4 J J « Ml I- i~ 'C Sjj ir> ^AX\ 4jL>.l "i i" I o\ 

^_yi J I 1^ J-*-^ IjISLj/ iS33-i jiA' u! iJi>^ lJ'-^ • I ' I II '^j .1 "'l Cj^V 

i-i M jJI *LJ,I i^a't\ oIjJl2JI j-a^ (3i>^ 6^ (Ja-LUI p() 1*?^ Ij^Lc lel^jJI 
ij^ 0>— ^ ' ^ ■ SjlJLj . 4— -ijIj "i iiiVI ;3' UiLiJLI <L_i_jJi3jaJ I ^a_«_dJI j2>^ 

iAIUjV 4 J i!Lj JiVl i4jj) ^ n a JJ-p Jj^ olh-».>La UluL^ ijjLa^JI 

4_jj^ tjr<_ij M. I II j^LjajJI J (jJjLll 4^_^ >LaLS »1 ,^ (i~ i iil lj>^ («J (j-J j-I' 
<_.ii^ l1A^A j»Lc. -(j,^' 4.^La 4_LiLi. 4 altSU ^rt J II t>u .UjUJ^ 

H_g^^jSLII (^- a l « -ll JW^' ^j^jus^ cj-'j^ (J-* 2jL».lj .(^"^) jjjj 
jj^j I J j'a JjJtJjj '(JJ3J oLll^ ^1 IjIm i.iI iWar of the Worlds («Jl^l 

' _ • j "■ ^ (_pajVl J[3-*^ L)_S-*_J^ Od'^' ji^' (jl^ 1 II (j-a I 3j 1^ "' " (_) II ''y 

(iil j jljljj • 4 J (J-«-aj ^jL^jJI (_y3 (j^SLL^ (jjj-Ilj ibbjjlj^ 

tjru>liiJI - Halloween (jj mj^v nl\ iLJ (_ya jli, >Tr"IL)j lilt^ (jryLjjL 
Mercury theater 4_p.j_.jJ.l «ji^cI j! _ \ \XA ^Lt jjj^! (>a 

I « i.ilj l>-C.j jIjI ^'jlP 4_i_cljJ 4_L^ljJ 4jjj Jjj (jj_ijijjV 

(j^jSLj^^Vl ^j^j^L^ t'^J i'"ij tSi t -»■ "II oLiV^il (_yflj Ml II (Jj>.l Mill iJ^io 

(jiii^ll tlljJij (jj ^1 Slj-iJI (jja 4 1 J I °l (j I JLa-la-l j-a 4j>.^ I g -v J 

(j^ CjIj mi «II (_y3 liilj JL«J g" i"il 5 Cr-*J - «Lj-J^^U LjlSLa mi j 1 1 

.^^1 JLiiJI 





.( Jj^ j^jj> ijjt jj^b) oases uL>lj <ijt 



«LuU» i'rfilUl <(jj^ «II (j^-^l (j^ CjI j'n» 1 1 lili iJ^ljlj CjI j n"r i n II J^lj^ 

Jjjijj (j I I g <ij iMariner ^^JjjLs jj-a ^ ^"'^ •"- " cjLjJ^j_a ^j>JII (_yll 

JuVl (_yjl ^^jjjL^ 4_iJ$jJLl JJ-i^ ■-, .>>aj .(jlajVl (_yJJ 4_i_3l^^jjj^ 'j^-*^ 
tfLi_/j Jj^j S^^^ Liiaj! CjjIjjj iJjjJ CjIj-S i~iri "i -^1 <i_j^jSLII (.\^j->>i\ 




jiLc. (_yfl Viking gJS^Li ^j^jII Soga juu Lu»j)i.-i->. iciUj ^ Lioj^j • jd>^' 

iSLuell .^L* ii_aL>. (3jj)j_^t jj^jl^ lSJ-^ LLaLsI j jt^j ^ 1 \ 

.SLtaJU j_iklJiJI ^JjbJt Jl_^ (J^Vl (jicj (Jj iit-irt'g (j'^fl SLpJI 

J jj ;-i (^1 ALH 84001 ^>^i>Jll ^Aw-^' J^^' li-^' 'f 'r^ 

^^j^_t,| i_^,lc <LiJL>- jl <LnjLu SLl»- Jj^j ^^^iol i^tj-uij . <L»-jIl1I Ijuk J-i-^ 

'■ ■ ■■ (jA^^Lj i , o I ■^j 1 t 'J *j ~ ■ ^ I «juk (JIjj! ' ^ iV j>i 

1 i I ^>-J-^ '-r^J^ Cy* 4 M f LijjJ ^^Ajus! iSj_a i JLaVl (Jj>Jo fllf 

dLuaiJI (jj» ("m t J><^ (Jj^ 4 J Vj>l.l SjT- if-<tl j»^Lcyi (_)jLj<j i o"iI^LxS 
«Jub I 'J "'» (J < I i Ti (jt IjJj! t jL^ .«(j^SJI 3L_l>JLj t 'J j^ <.2jj^ ^ j <" i II 

jLj_>.VI (jjjLlc cjjj-coj (_^jJI ■> 1.^11 ^jjLj lit (j! I mU "g «tLjjVI 





2 



l'vj "i<jLljT SjLli AUan Hills JiiA jjVT 3 :;U:^ ^ 

jjjSi (jiJjMj 1 , O 4_ijj_L>JI i-i-iJaill 

.(_)l3jVl 1 ^Uj) <i I II ^-j-" <-iJf ^^J ej.ic-Lial\ 

03iL« JS! A^^oUI jLt^Vl ^ i-aV^l 

.^^Ltil i-ij]ojl\ 4 I II I iij «lU ^Llll 4_uji:>JI <Lxal&^l 
4jU1 JL^Ij ^ JU3_) V ^^jJI jJaJLI Ijukj 

(_J:>J ^£>i,l 4 1 'n ''i J'-^jl ^-^^ 

(jnt^t I \ jtiril 1 11} ^1 ( 1 nlr (^/ulIj^ ^ ( t '* ■ "J * 4jt 

I _ I •yj Lul i4-a_ilac 3 J olr CjIjjJj^ ^-4^ Jj-u 
J 1 «J (jl 1 i i ^ <| J i_^jJI La <lJi>.^La I inji j "i i j! 
4^1 Mi'i'^l (j^i-4J La I ,n 1^1 ^1» 4'a 1 ,^11 jj^-» 1 aAr- 
i>j-* ua] 4_ic iJjjB JJ V ^^jJI j-4 



.S^LlsJI tfjuj, Kolb j^Gjjjj 




i(_yie£)JLl (-fljiuSI f.\ >i>JI (jrjia-LiJI (jji L3j>j3 j' (j-^l ' >'^J 

4Jj) ^ I m „I jl->JI (_jic. Sjijj>.^I 3_i^j_iiJI jL«.Vl (-a^«_'JI j>SL»j li^j^ 



I gjlf >-J-C- Ljiej^_« Ij -r ,->. j i^li c (jjjl j-stj (jr^J (j^ j»jLSVl 4jt I i«ijtj 
Jjl <ljt tiili ^«Jj »ALH 84001 (_,al«ll SjJej-sJI «juk J.a-'K"j .^jVl 

I j jjic Aji^^aill jL»^Vl LiUj C/u I n' (JI_>.*J (jOi^ J^'^^ 

ijjjjill cjj!j . ^ ^A1 |»Ll1I J>L>. K,M*Cjlljt Sjl^ jIjA ij)3] SSUia 

aljjj) .«'l" ij ji\ stipulation procedure ^^j__iJI *I^>_>.>U LUsjj .Luj^— stj 

OrijUl ^ «mII «Mi ji :ALH 84001 ^jeii\ ^1 

<io- LThJ^^? ^ ' ° >*j t^A' (j^ ALH 84001 t^j-fiJI j-^*-^' uj^ 

^"■l^jlj ■■■ J iorthopyoxene (;;oji£j_jjjjjijV! (jj» 4_»jL^j_JI Bj V inll 

■ j^JJni'ff'Ll.lj JLlJL>JI (jrit I I llnl'lTffl (jj^jl I iJI j^ LuiLut dj^^ 

4j^^jjJI oLajI lA'iW Qji ej^ 3jje-L,a]| «jui ^J^L ^«laJjl iii> aJllo i 

i4jj-u (jrtJ^Ll i»Jj! .Ajljj . I JJtat-a L^jLo ijji (jj». L^ja iiLoj.*3Jll 

t(_)ii 1 "aJI (Jj-^ Jj*^ 4xuj (jj^J-A j_JL£. 4.iua jJI «JlA ^«Jajua i"i i^< (jl Juuj .^J^l 
JL»J V Sjji :4J^ «JiJ! ^ v Jj^ (jIojVLj Bj- V mi l tloftJojjl 

(jjj ^ • ' * / ^ (jjs jiiS^I iiiu lJiJI ^ v (_JjLtuj v (-n'». i4j.Mia inll 4£.j-«j>JLI ^JjLj 
CijjSi jj o T • • • • '/^ ijji Jatj i^Lua-aJI (_y3 5^^_*_uaJI 4Jtlj «'< 1.11I (_$jj| (j^jJI 

.SJjjjII (4a>JI ijja ^i>il (.yl^ 5j-a JjV aj V i«^l l 




j_Ly5 <^jSfl . h n.-t-j "<i^H^t»-« l»-^-^ ALH 84001 er^j^l Jl>^ V 



r ' >^ ALH 84001 4^bJsU 

(jt VI iLaL^j 4.aj^J L^l (- 1 J "n V Ji^ oM_c( 4j>.jjJll lIiULljJI (J<h i (j! («^J 
(j-s ol J ■ ' I J '^"^ (jJ j-I' liiUjt (_yJI 4 J I ii'rILj 1 t'ina JJLjJ JUj «'jJ cy^J^' 

^1 3j 'l i^ll J (j-u-a Ml II "^b-i-^ Cr^ cAKi-^' >-*-^' 4_aj ; " r i iil jlll 

^- l . ..-. VI 5 ^ I ^-w. J^L>. (j-s a JLjJL>o (jSLcj i(__)i3jVLj <LdLLa3jl JLLo i"i iri ml 
CjLjjj.j>u 3 1 , ^ Ij ". ^ aj^-LOJ ' *> ' (_i^ljSLII (jiJ !- 1 .'-^ ^ I f tiJ^-ajj 

.Cosmic rays 4jj^SLII 4jLjiVl ^ « i .i'i 



(Jilajj j> j T-it l J -r li i" I .^| 1 t ~ ,4_ijjSLII 4_«_iiVl CjLjj)-». jjl 

.f j i 'nW ^ys JiCj.j^ I ^ «i-v. iJSj ->-"" ij>jjl(jtl Cjljjj idiLjj^^lSLIlj 

Lol 1 L^l jJjLj (jjs (_y*3tj9 ^«1 1 ii-w i_a JlSjj »1 i'nnW AjjjSUI itjj/Vl (Jiiejjj 

Jj-a (_gj.:>JI i_a^LiJI Lajj id-iia^ 5 ij li ml 4_uJL»il jj -^,11 5 U , „I j j 

(j^ ^L»-»- >^JJ ^J^-^iil ^3:14^1 L^^LiJI ^J^^j . Lij^J^ ' ^l'j (_gjJI uilj 

^LiJ (jJI bombardment < ^.^«1 1 I j^i (^jJjj 5 «-juVl C^)LfllsLi. 

■^1 II I t . jj^LcJ (JIijLj JjUl^ p I II -^1 Oilj ^ 4jjjJI ^ SjLjjLJ»- 

(_$j_»JI i_a^L»JI Lk^_jj 4jl <i -»JI 3^-1^ O-*-*^ ^ I II ->JI ^Jeui 4_ajLi 

4_LjjSJI 4 « MiVl 4j ^Ilj (^jJI Jj_*il .(jiajSU 
(_yJI 4jjjVl ajji 4j (Jistlj) (Ja- <i i^"i i_$jJI Jj-*il LiAjI ^j-ju L*^ iSJljJLj». 
4 « MiVl I g T- "r i~ 4jjjVl jl JLtf ^_y,\ I 'iri iiiiJjJ 2 -> ^ j ^| ^1 

JliJUso 4_i^3_ii!l jLsE^Vl c I J J t iL^ILkj ^Ijj JJLC. LdJj_$J i4_jjjSLII 

<"iO" i t l J-LflJ n_i^ljSLII (^fij »1 1/1 lili j-i^ Lo p 1 11 L^^Li- Jiin (_pJI SjJLl 

Laj^^ 4jJIjJI 4jL«jJIj ijjjSLIl 4j«_iVI ^ji^ Cjlj_utj (^uLl^ 5j .4lL>.j 

J-Lfl Cj^jJI (jjs (_,ir>a i*U,Li 4jjij^La ^J-iSu JljO i al .':.".<l jj^^ (Jj-^' 

ALH 84001 j_3s^l jjf (-j^LluVI Ijuk j jt^? j^Jj .lJi^ CjIju o' 

A^Lu (j^oLo ^ o i^>4 
. LjJj-3j j <i mil 4js>jJ Ajj^SUI 4juiVI ' ^ 1 jj'a 
,2_LitJp,l i.-itl I 'l i 4t-i njJll 4 u «jJI i-itj ~, ^tl JjJof jjjj I jLa 

4juj! Jj^ ^>l,lUif->V L^jisjjG (_yLc Jjjj tiJlliij liiLj CtSi^ ^- ^ L*>ajl3 
(j-ul J nlLj ^jjUlJI» ^_ya m" 4 jiii" 4j£5l_tujj jL»_cVl tf jui CjJJu>. ^5 ' ■ ^SJ^ilj 

(_pJI 4jjjJI 4jjj^l jl JLci (>uLi^ ij «1 i>i"" iradiometric dating <((_^LjuiiVI 

jj»j«JI JiLa ij V ! . -> Ji-lj 5jj*.jJ,l j_usLLtJI (J ruji (_^Lijiyi JItIII o^ i~i-»-"i'i 
4 nU'tl Jj-i^LflJlJI ijji Ju)I iJ>Iali jjt Jj-^J .ALH 84001 ^j^} u\\ 
Laj i4jS)_iiII jLt3.VI Clu! (jji (jjs : Ji-a ijJ'^^jSLIl LjLiaiJI 4_ijiljJ llti^ i4jiZiJI 
SL^LJboj Igjlf i-SjjlIJI jjja jjSLolj (j! Jj.»AJ 4j Ljj_iieJ jj! 1 (} X «IJ (_gjJI 



(jl^ liU 4jj^ Mil 

LojLi£. njjj_a 4!iMj • Jua^l (Jj^Jo «LSjj j j'C A" 1 1 'i <i_ii > iill (3_^iaJI jCjj<jj 

5j^^jJ,l <jj^_iJI jjJe_uaJI I (j^^ ^jjSLiij (jj_iJjjjVl »1 «lUlI I Ju 

jk * ^ ^^^^Is^Vl ' 

i3 III « La. 5jLa COSmoS (jjj^l j»Ua-iJI (jl-i (^jlajjijJI ^jjJall jj^uljjl 

mLc jjjij ^jJlJI 4jujV1 j-ualitll d jK iJiilitj i quintessence t(jjt,y^» j! 

(jjs mixtures <L>.jjal jj-o jl 'jj ^ Cy^ ii^SLa 4^^! o m!! ^jjij (jl j-^j-jj 
<LiU j (_yJj iaLiiVLij .<u_Liij^l jjiti^Li 3g_ij mi jJ-p njjL«JLIj jjj- i,-^ll 

.SI jt^-> .^ ^1 jjjj ^ »1 o I ii t l jjji 
^jVl ^jLi. >l — ua! Jj! jj» Halley (_yJLifc ju^-^jl jjLS 

■ >o" i m l (_yJLifc (<i2.j .4jS^J_LiJI jLacjv^l j<uj/l l(jjlr t^^Iaj ,_yjJI ^aL^^U 

I ii^ i4jjj< V"\ (jjs I J J ml LjJ^_3 <_4J jJL «ULljlIjJ (jjs ''"j (j 

III ishooting stars i .goill 4^j(_>jII tiJjLuJI ol.iail ,-„a Jjiiejj 

UJ-A (jjsj . I J -\ (jjs J l i" a ^^LLo (_y.3 (j j nl" V a jjj_i.3l^^ 
^ 4 III n'i O^yi id-jtJol mtl OjjLuJI ij] ^\ 43Lil m -w OjLiif 

(JLpjt SjLC. I ^"f j-tji ijj^ ij\ (jji juV iJLujVI CjIj mi r 1^ irm JuLjj j^l^ 
ij] I ji <i i>> iljL^I iJliLcj-i^oJI a'jJt, CjjL^ '(jr"-* (jr^! 3 j i nilLij .3_uLHI 

«oljjU (_^Laj"i?l j^^i_sclIIJI (jjj c-jj .i^a J_«_li» CiK ml Ujj ^Loi^Vl liilj 
4j>Lsj >LJ^ (jl^ 't^L^J (*^J Cr^J -l^J^' 3^-^ S!-^^ Jlalia 

v M l v I ^ CjLl-a J-liaj . 1 g m 1 W^ • J-jJ^ (j^ (jj^ Ml t!l J J-jljJI 

(^,jjJlII t_iji;>JI Agen (j^l SjlL ijja 4j^^ ^^i^. i i^mtl ^ 5 mh^jlo o^Lilj 

^^JaLm M l 1 1 4_jjj_c. jj_se_io j 'i f i5j_iiLj^ liilj J-juj . I i n '\j-al 



fijjfc Jj-jc—o L^l ^Lg. I ul i (jjj ("r U<i III (_y^l jj V ifilL 4 ii U "i I, I j-ijl ii "II 

j-Aj iStlitZ j3j " i"i (jj/L)jjji (jjiiJI 1 1 j I lili I 4 i I II II .lijjJLsJI Jj "mi a 

(jjuk Jiua J .i"n ' ijl Jj)ii»l,l (jjs iljuk Lr^" 'w*J.'^'^^^ jiJ^W («-'^ 

iiUii''^ tUjIjJLiji j-Jj' ' * ♦/'^ iJLs. .«lijjjijJI 4 1 <;"i ->-.fl ixal^>j>JI c:jL)ISL>JI 

cjj) mil (_>.»ijj<J_aj ufljj t. .a (_yjL)_)_j_a j-Aj iChlandi ^^jij^L^ Cj-uujI j ■"■ > 
jljIj i4_i^3_jlll jLst^Vlj i_i.^_jJlj 4 ni«"il,l jjjLllIl (jjj cjLH, 4lj1-sj lacoustics 

jl -r ->.VI (iJJj I .^j -i- J i(_)l3jVI ^jl— >■ (j " I (j I ml o_J— ^ 4 J i''->>-^ 5j aj 

UI 1.1 t"i ml C^V Jl^ i^Jlj^A^ CjLiLI^ (jl J . JLiJUsJLi 4 J 'l t II 4_t:S3_aJI 
.4j^_^jjJI jLscjs-VI (Jo^l tj^ja^LJI (j^ 4aJ^f l5>" J-12j ^«J L^! VI i Ltiisjja 
ijjs J Ml f J-jl_^l Ju J -r "i ILjj i,jj3_)JI (jjj .t (i r fjji j-ii-^l m a -*-VJ 
I ' J ' ^ " i4jSLj^_aVI JLiL^ol ^jj (3_J-^ ^^jlajjjl jJLi ' 'l j "• i ^ A * V j 'i 
4jlxL>. I Vj« II lOSLuSLij-^ 4jV^ I iij 4jUjLa i >^^^ ^1 i n'w I . t^j ^ . .. * 

(jl «1 jij I II [J^LlJLi _ (Jjj 4jt^L>. fjjs fL<_«_iSLII jl "i i iiI j^«j>.j j j "■tl Yale 
jl^l (jji iKingsley (jJj-a--li< (j..ia-i--v - 4_JSL!I 5 i "?^.a jryitj <Silliman 

. Lj>Sj jJL J*. J (jjj (^1 UI J^l jjjj J-i^J cr^b ' LaJ^ '"'t-i?ii ii (_^l 
iij^-uij A J -v. (jj/Lajj (jjijjjJI (jl i(^) I ^ "i -r m wi a <AjjLa 4_i.a^ 

3 J .1 1^" JjU>. i(_;,Sui^VI (jjijjjJI I. imia I^^U.Mi (jj4ja j«l*JI s l^J-ust pt-^r ! Jl>.| 
(j-a (j-ujl (j! (j V m"i (jl ^>_<jijV| (jja» 4j| ^^j^-Sj jJM-»- (j-a j-ij-* "-^^l^-" Sj^La 
4_«j (jl (j > m"i jj! (j£. ii_ijiSLII (_yl^ La, t ii J (jl (jSLflJ ('')tj\jSLij_aVI ^'i"l ...VI 

.«»1 a I iill (j^ Cl l-> 1 1^ ljL%:>-l 
i^llA i(jj" I iij SjlLi (_yi^ jl-*^^' i-.U al . .." (_^l S^p^l f Lijt (_yi 

J J T ' iSj j"l^ VI J al ^^JiwVI (j£, j«jkJL>.| I, > « J J (jj^JL>. (jj_i^l_^_>a 

I gir" ml jl^j i(3aVl (J_j^ 4 iil"_Va Liljj ju£. (^jLtiJI trajectories iJIjI 

J jl.^" tiJjLAiJI i_xii;f (j! jL^y triangulation cLjLoIjJII . -I ■.. ^ ^cLu (jj/L-iJI 

« juk ^^jj— iJ Tir J .(_pajVI (Jl J aVI (j^ clilj i_c J-uaJ 4_3l ijj_a ^ l'- 

^JsLui i-i-lj^ JJI>^ '^^""^ '^O-^ J^-?^^ 4 jU CjLal m'iSilj i"il 1 1 

(Jl J al ^L^jl JlAI mi" (_^I ^^I ... -^^1 (jiutj (jl ^1 " i "i i II i ml 1 4J3J) •»■ 1 a 

jJl^! (jisjVI ^l-iiii (jJI V_j_i^J 4lal£Li j_^j.j>JI t-fl^LjJI j-t^ CLij^ JlS 5.1 _i J f 



fjyjSi i^t I m\^^I L'Aigle (J^i-jJ j«-<_uLi. CjJ->. j^j ol^^ . Jii tll ■ a 

«LjjJlj>. tiJjLiill La^T Lilie— aj 4_a_iic lIjIjI t- li il LjJLse^ i<t_i_3Li^ 

JoLuujI <i ■». cjj.j>J| i jjk 5^jjjJLl j-jjl ii'iti jLiSilbl . Joj <i iiA\ 

jLjjj_iJ (JjI j (jVI 4_iJc ^Jilaj La ^Jj i ) AVT j ni r liJUill (_y3j 

(jjj^ljJLI >ijL5j o : >L4 jua Lajt^ Leonid meteor shower 

di! j j_iLa- Jl^j illjLuJI ^ j ji'i's Sjjj Sj.-»"iU CjL'iJjJI ijj-ui ^jji 

liJjLtill iZj^iLjI j ij\ i '\\n]\ tLaic j jt^l La jjLcj-ijjij i oLtj'iJI (>a JU}II tlj^l 
j-j-^l Cj^Ll^ I.V ^ Ml") CjIj 'r ( lili (_jia_au ^jl ^aX.^1 ^jy-i^ i4_j^_L_ii 3jj i^ i ^Tt 

.jj^ (>a IjL^I 

jtuiaji ' f I 1 ■ ■■II (jj5 i'iln i tfi 4_i^j jill jLa^'ifl jj( »1 «i l< n j-^l ijl J1j.j*j4JJ 
lj_Li£ IjJui I MIM tiJjLuJLa . Lj) :.Lii 4j^JjjJI O^ljJI iliJjL». jI^^Sj III 
3jl _i I II II tlljLill ^ ml LJL;». cLa-U II I djir (>Llaj (_5^l iSj _i i i^ll j»l 1 n -<-'^l 

^^jjill! 4 irvU». oljl III a (jiift Mill JJ-^ iineteoroids 

jl Jin Lilj—u ^ ^ 'tl jjl jjjl Ijlj ^jl J ■■■II oJjLuJI ^ swarms «t_jl ^^i» 

5j_u^ VI jat I Lij^j^ j^l d 1 1 II 'itL 1 1 J " "' i^jl I m" I II cLj.£.j_tj< (jLs i,__>i5jVLj 

LJjJI j^l oLS-Jcu ji J iiJI L<lj,j;ll 5^j_oJI ^jJLlII j»lIa2jVI i^jjjj .ijjLiJi 

Lilj-iill jli II a jLljjVI ^jU"i i in V OljLiJLa *ljL* mj I ^ n -<- 1 n't jj^j 
l.jL4J ram force 4 m ilSUI nll JjlAj 3Jaijuai« i4_aLai ^ (l>-aj ijLi I iill 

(Jija (_^ic ,__>isjVl (.\ ('n lili jijj «Jj^ 1 ic 4 i n li'i j-uLl!l tlioLscjj i n -^itl 
frLuI ^i..i a 1I (j"^ ' "'i (jj^! tJ-^^' lU i 1^11 i^jjj nj-JL^JI ' - 1 ■"->'» 5-Li li III 

4jL1jlj 4_ijLi.^a-^l Cjl l^^JLI p 1 ' ^" ^1 ' ■ • i^j^l i_a>Lk!l ^^j_£i cLciL^jul 

c^MJlII i_k!jLi L^jl d^^^ 'cr'jVl Jl^I (jriir in'.!! \1a> JjiSj' 
J , .,tl liJjLi-lJI Lal .<t_ijL!l!l (d li ii "ia Jl_j_al 4juiiaj »^l ■ "' ■"'l'-j ■ ■■ ' (_gjj>JI 
ija£L:taiI <) .i tSiU «Jj^-^ J-i^ ijr^3 •i"''^ ■ ' ^-^-^ (Ih* J-^^^ iJliLc^ i nt J ii "i i'i (^r^^ 

^ imeteor lLIJ-u jf shooting star >_jL^_ji ^tu^\ \ jlU"- (_ylll li^jjB-jll 
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i^a (j^j i(JL_i_oVI cjIj_i!u_c. ^ ir-ij ^Lfljjl liLH 'Pebble 3L_ua_>. 

ujui J_>.! jl Jl^ i>3J*^l J i.,..*J La.lif i4jL>JI fljuk .Sjl J ..ill J 'A\ 

(_y3j . ciJjL-uJI (^ya JJL^ J^J— '-' (j' ^ ' '"LJu-u (J^ i_jl^)_<ji^l 

(_yjual! jJLu (^Ij i("^)Quadrantids cjI j « jV^l J!i_o iS-^^sLi. 4_i^j_u cj^LiI^ 
'■tj.iUrMf! ^ Y Lkijua jJLjjj i(^)Perseids t^jLu, >aJlj i^l-y V ^jj i^jua 
J i'n r (jj/jLt^l LaIjl^ (jr'-a-^l j-Lp (^Ij i('^)Leonids cjI.i j i.iVIj 

aJlA jjl JJLjj 4jjLa I cill ^I^VI (jjj djL& »1 o i nl j i ililj .j_j.4_3jj 

i__>i3jVl 4_ia lLIj -rr<j jJI tfLsoVI (jii. J.i>." «" iJjo^LflJ < I (jia ^-iju illjLuJI 

^ (jlojVI <*.«t-.l y,' I jij .5jLi_<jJI LiljLuJI i-j^-<j' (jr^j 3 J iii'rllj 

«l^^l •"■ • ^1 I 'l t '^Jg ^1 4 <i, t — 4jjL£. ^/j^ ''j j ' \j>lo\-LM LiL^jIu ^jl 
_ I 'l n '«^Ij-a ^Iji liinjl-LisI (jij <«Siii! j jjL^ I jLjo» jJLjjiJ (jij i OJ. i 

V * ^Liujl j.Jt-i's (3jL>-lj "J ■'''d>:f j'' ' " "^ iy^ I Miij 

<tljc|j_a i_.iJ^.j>Jl 4 J -w (Jii-a ( H >JI I Ju* ^USK-S' (jL^ I jjj .Lil^j-fl ^ J a O * (^1 

trail ^Lij ««Ijj * ' "^j i n !l ' »1 j ■"■ t«4-jjlj ^' ■ ^ 4 "C^ ^ ... 'o 

i(_Jj_>JI (-Selili *J_J>-« (J-*-*-y (j' (*-*-^' '-'^ p I II -^J (j^Lajj i4ljU tjIj-iJ 

SjUI Jiaj Y" • JLj-aj' Lol .^UiiilLi «LaLLajjl jJi^L ^J_u ^^jt:». j^l Vjjel<» 

c,<Lh<::^ ;^:di tAh^ui >^?^i j.- jl>ji c^l^ l*^ 'o^jVi 

OJI uU «■j-:>JI (>« (5-^ (jr'j^ (».»..i->- Jj^J i_JlaIj^ , ^A' V 

^Uaa, iya ij[lla'^\ CjLLa (jlsjVI i_jj_uaj (j^J -(J^J^^ (.T^ 4_ii£. j "i , t j 

(>« J^l (jjj ^j>^ (jr^ Ljd^ imeteorite debris ij^Jjill jLta-Vl 

ij^yH <l_j-^j_jJill jL«— >.VI «jLd» diujLus <i-Cj^t.XLji LLlLukj ■ 5 J — 'V I J 4 trt\j\ 
. I (jt^-^Nj (j'-^ tj-uj a" 1. 1 V^'j-*^ ^ a I iij lt^ (jr*5 '^^^ j' -^jW 



Bj^^^^l T Irf^tl i^j£. AIo^^OcIa JJ ■ ^ ' cJlllieJ V (^^-^t J^^^ Ir^H LijuLuj! 

Ciiih ^t-ii» jjL»ilj jijll ^) jLltljj .(J^ulI,! ^ i_JLiJI 

>-al Ml "i (j( duj jJaJi t4jjj_iJI j_ij>JI oli jj-it-LoJI Jji-flJ L^jO j-A^l j-tjJI 

planetariom Sjjl.o . Jl L^aj^j^ Jl_^ V idJjjj^ jLiMjj^ 

ijji «tiaj i^j.^ J-^*^ J i'kj djLs iLlL T"\ jjjj i^jjJI «Lij^j . jJuLk 

L^l -^-i^ ■^'^ ■■• i^^jJI 'l ■ ■■ ^ ■ ^ISm 1 jj J aU (jj '«^i 1 a I ?i 1.^ t rij lOl^^ 
^^^CiM ,,. ,11 4_iiLAJ| 0>L^U tejjU i-i-umI'-^ Sj_i.vi^ll 3_iJ^j_iaJI jLst^Vl 

^ jitu aMC>Jt jiAftii I |tiw jt 

JuM^ liojLiJ! ^ 5JjJl£. (JLjjot (_psjVlj u^j^ |*^_^ LojLkl 

J$l^ ^Ltll (j^^^LlIl (j! (j^ ltI^ iI^Jljo (j. « . iX ^I j_uL1II (jj^ (j^ 

JjoLS Jjua Lifcjiai ^1 J . ljj(>jjl 4jV j 5j j Mitl Mcteof Crater 

(^^^ ^ (J-uJL^Jll £^ i4Jlu< i_aJl O * J-sej JLla ^^^IsjVlj pt-'j! L^JLi£. i LjJ^-aJ 
IjlA (ft^?^ i>°J JJ'^^I (jljllJlj oIj^jJI ^\ (j^l 4_iic 

4jjj jjj j«Jj «LLiS-a» ' )(J t i < 1 1 ^t^^l ^fl-»- (_yJ-c jj^j il>^ («J p I II -yJ! 

(ji^, 4_SjL<jJI jjJkjJI JI^JoJ . L^JL^I 4jjlSj_jJt dJkj^l Cjl>%1 

I j .^.1 J « IJ CiljJlfl ^-'^.J^ i'iaU'jl J3 «L^l Ml a Lal i ,ty] (jt |J.ii I-».!, I 



1> "<lA>^' >^^'» iJi^ -O^y^' J<. , nj,. , "t l^ jjl^ ^^^^ 

^Lx,Vl (_ykj - ( asteroids Cjlj_y^l) ^^^^[jjSJI ji^! Uj ^^^\ 
5jjL3 iojtJj 5^ (_ykj icomets CjLujdl jl^-I jI _ 5 ^ j i< S-l^Jo^ jL^l^I jjji^ 
L^li^ J23 t. u -»-" U ij3J>SL!l .ijj^l i^lSj jllL>JI (jj) Lg-vtix« j.^^ 
JSU i_iJ3 iiljio-l SjjLa iJiiUJIl («.a^l euli CjLSIjjSLII iili^ 

(_g^J_i_tji3 iJLpil ij UI f ajjii3 jJ_Lj p I II LLl^^SLi j<ila3^ LaJij^j 

j3>^ CjLcjjjiJ Lfejl I II a Jaj:>JLI oijLJ) (jJl 4 a iJW-^' tj Li>< i'a ^| < ^ ,'i,j \| 

t^-L^Lj «LaLLajjl Jul^ JliJ_»j U. L^jl mi a aj_jjG ijj^J ' " "'^ tiJJjJ ..-. j . ^t l 5 j , .. 

5 J M i r Likji=L3 «LaJLa |»jLi-aJI j«.iju>JI j i^ t j i m h>uJL>JI ^jj) ;_j5 .iijIjLill 
S^LiV jl ^>*JI ^MJlII L^ljt-iiijiii ^1 (jSLsjJI J^U-j 

^-t^jLjjj lili j-J-^ jJup-iji 1 LaJejv j-i^^ I CjLjj).^! ^"i r>. j n_il^>JiJlj «grit 

jijJ CjLcLfljjl (_^| 1 (jl o ^ 1 _ 11 I II ij .j»LLajjVI J« li ; (_)^J^I , ,. ^jj) 5j_Sj 

(jlsjVI I rtjU'i (_yJJ LaJLjw j-i^^l CjI a j i.n i^^^'i i ii'*^ iJLj-aVI iJljLLa jl Cj|j_ii£. 
jLlII y>j iri" (jl 1 g '['v flj i4jLja^UI SjLaJi CjL_u.ia_>JI jjj) 5 ij U , \ j . 

i5j_j_i_uaJ| CjI <i j i II -»J1 Lai .^t-i I iill (_yJI I j "'J y J ^LLjI (_^jVI «JLiLLc, ^_yj3 
i(tiJL«JI »L^I a ■> • J Ml " i n (ji (j5LaJ.I jj-a-S i^^^^)" (jr^ Lk^Jai-l 

(jlsj^l — jjju iblack soot ^1 .-, t t5>>Jl (_3>1JlII 5 .U;^ 

I ' 1 1 "t ^-v J— i u3 i_<-i i-uj ajLji I r iJli I J i 1 11 1 jl j ".t d J alU jjlaj j| . .- ^ U , ■ 

u' .it->j-»JLl i>Lj-a Cjjj J* La^ ,i-il ■ i^tl 

(jj) »lj_gJI (j ^ a "m "i li 1 4lal£!j i_X^SL!l ^La- mtl 

jLiJ-ji jLaJ (_yJI u' ''JJ-'^ ji^UiVI (jSLajj . Lj-jajjJiJ 4 i n li i i ^ j IJn '" 

^'•„j, aijIrtU CjLuKJI lLLIj »1;u i„L CjLuKJI J-ia^ SLo. 
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L^f impact theory j»LLjjVI ^jjJaj >"-•> , „jSi .(jj^-j-i-^l (jj, v n »tl J>LJe^ 

4-L«i I n , » L^J La^^^ j1 (JLi>qI aj-ui£. Ojl^ *■ p i4-Li_u (jj ^ i \ a (j-^ i n i Tw ^ 

fossil records ^jj^^i^-Vl oMj5t.uJI j jtx"j .liLuiSUI o^^jd 'V" o'^' 

jjiaj J^Li- '>-;i:>>JI ^(jJ^I g -^ ij-a «b ^jl (j"i i uj ^ «.7^ 

4.1l.i1iiiI1 3_<iS i".l"i->.l 'dinosaurs iIjIjj^LLjjlII ^ jlj^t 

(jj5 Ll3M_uil (jLS (jo- ^ i<L^ chain 4_ljI j-iJI 

.grubs olaj-Jij olj mi -Jl jjvlU.^_, (^i) AjLijJLi 5 (jj i m. 11 <:bl_ujJlJl 

,__>l=lj_fljV1 4_Ju_c (jl Ji:>.Mj o' I ' i'^'" iaLi->JI j lIiIj^-loLuJlII 

.(4jJLii2l!l CjIjjo^LojJLi lUii"'^ Ci?^""'^ (_y£.L<u>JI 
1 1 1 II tisLjjjl JljJlsu (jVI (_;;^^ ^ ^ ^^^rt^J^^^i^^i^ tl olf (j 'v «i ~ i j |<sJ 

jLa iJL». .2J_ij/ (j^-Jji lo Jj^ cjIjj-uoLLjjJI tLlsj cPL-^J' j^LLajjVI 

(«u-o^l (jl jcJLlII «L=ej| J-f*»- (_y3 diJLa-j (_pjl SJj^l ^ i,_yj-ajjl (JjUojJI 

(jj5j i(_5j_>JI i_3^l— iJI o (jjj I 1^ jl t-i (_^jVLi ^jt-i 1^1 (_5jJI 

oVLn. Ij uijj (jjjJI j" t^* " j-Lal ' a ■ V.> ' — " (_>l3j^l (_y3 Cjj s "i i m i tiJLLi* 

Lol . LliSj^ iJjl-4 (»U<ajjl jj^ ^jj (j^ lj_i:vi ij^(jL .^u^i o^ij_s:*s?i 

(jj jl a V' JLnj i'i'i.! (_;^l (_jX.L4— >JI (__>l3lj_2j^l CjVL>. 

Jiia i(j^ i I iitl (jjj J --w^l (j^j^m CjLLo j-uaJ (J^Li. (ji^t I (jjj 1 ^ 1^ <j Ljj_>_ij3 
(_yaj . L«L4-l 4 rtl"->T,a i_ll I I iil (j£. jl — i»LIaJj^l (jjj i iiil i ^>^' (j^ Ci 'T-" 1 (jjSu 
4ijijj (jl (jSLcJ L«X. tLa-l inrti CjJL*Jb oljjj^LljjJI (jialj^l (jLfl ijl_j;>.^l 

nU-sll (j I II >,1j . J J tJ (J7-I! ij'^ i(_)l3jVl-J tl <t mil (jj» <LLa_iL^I jL*^^( 

(jl L*^ ijtvsc-sJI aj J» 1,^11 liilj (jjj SjJlj jA^I 3 o -r i >i1l 4-jS|_) j i 1 1 jLa^VI (jLia 

(_jji iCjLi£Lj^SLILj ig" J <i I n~ I g t a (jSwCJ <l>.jJlJ I^j ['C La--»-'»- jJ-P (_;^l ^1 i n-v^l 

(jA 4 gJt i>> 'i 'J ^ Jj . ^ -.-tl Ljjjl 1 jij . L^ia ajJij j-i-^l 

. 1^ l-i 1 lijILa j»L3t:>. I iJLlli 4a^J_u jLjt:>.| (j£ i " i 'r j 1 1 I ijl»*^ t<jjl i i nll 
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^joJI SU? ^ uaaJI 

SjijLJI ■ aj ^UH 1^ degradation 4jjjiIJIj (^^) 4^ -ylU i^is^ 

Ju>-I I j j'o I t^j '■ ' ^1 i^^ci V ^ -I ^ Cr^J tl<l ^" ... «J 5 J « if^ 4_lL4^ 

oj t-> li 1 1 5j_cl_^ ^j^_jej 'o JU>.|j ijLS-a .(J.^l_S f'j"^ 4 i j o *C 

.Antarctic (_^ji:>JI i—JaiJI :4j^3jJJI 



30' o* 30* 




j - ^ - i J ^ ■ 'l y^Li jjic lajLall tiUj ^^Jc (_,iii j i^JI n l.ll J^jJ,! iMcMurdo Station 
^ , ^1.^11 .-.-.i ;, . II j.LSj ,>_«j lAUan Hilis >aa_» jVl JiUu ijjjVI a_tij_iill jLj»j.Sfl J>ij. 
^ J <; j.'i i_;_«_«_>JI Jijflj} Reckling Moraine i^.i j Kll j-UiLy («LSj^ lElephant Moraine 

.(Meteoritical Society 



3-1 j-jV"^ 'i i^jja ( iiLt-ul -'J J ■ ^ ■ (jj^Ti t(2rt->jjVlj ^jjL <i 4jjL^I I 

4 J I J I — lU .^.i .j . 1 jl , ..t 5 . aljll 3j|_2j| Int'i J a ^ (j^ i ■ ■■ 

.«I j-JT. 1^ fljLi-c 4_uji^l 5 . ,U SjLUI ^V^n a ^L^ iPercipitation 
i^_yA IjjL^ 3jL^I ^^^.^Ijj il£LiIj£jLlj| 3jL^ .1^ 1 £^ JLxj^.<iJI fLijILujLi^ 

i^ylcj .(jJaiiiilj 4_jSLi^_aVI A-a-iioLiLll ■ ^ ■ jj Lta J^l Ljjjjj, jL_ii>JI 

jl^ (_jI1JI 5jI_^_^I cjL>.jjj ■ 7i I J ij! (_jJI |Jj-«j 1 1 ji_iL>JI (jLfl i(JLa^ 

' J (j" Ll^J ' . ^tl ^LjI ^^^i J-'t.-rrJI |_gj' I u a 3^ ^LjI^ 

1 J «^jVi I J 1^ Ijj a-*.j ji^^ 1-4-^ 1 » I "r Ml 1 1 C^L^j.^^ '^J-^ ^ ^ * (J"^^ (jr'l 

i4_i<fj_iiJI jL*j.'VI ,i . n<" 1 ,1 1 4 u. I '.ILi 51,:, Ali ^ Kj'i^jL^f iilaiaj 
(_g J "r t (_yjJlj I J_ii>JI (J^Li. jj_o i->.U ( .Urtlt 5j_jLjl1I (Jl I -vll jj— p I ''M 

(_^l J munataks ^^"5 ^ -> l-.tl ^ :;tUi ,„•) 4Jj)_*_a cjLjLjj j-aj ^ i a 

(^^j J "^J^^ i9L>olj iJAj^^LI S(_,Ji^I LkjljL.%j| «Lul 4 J 'y I" II 4_ajIaJI i n" 

^Lfljjl (j,i-C.J i4 J t-.IjJI 4 ri jUlI j_5tjJI ijji ijjj-aJI CjLjL^Ij 4.„L-iel"ill ^ n 

t«3jj^l jl-vJI» £^ ,3^1-'^ 'J 'II ^t'^ ■ ■■ Laj-sc-i j\ ^^-^ i_aVT 'V 

(JiLuj • jLiL>JI £^ ^-1^1 O'"^'^ 4ja^l cpui Bjj-L^aj 4j^^l ^IjjJI ^ i,^ij-v. 
IjJaj i4-l!^ ^ill jL*_>.Vl jLJaj^V 4_ijlj^ ^^JaLLa aju* 3jl3^' ' ^^"^^^ Jj j • ■■ 
J-iS'jJ j_^l Jj-D 4_i3sJHI ponll Jj^ 4jJljL>JI 4_lJaU 4'ijUill 4Sj^l (jl 

ijji Lk^itj jl SjJiolII j^ljJll (jr^l isLtisyLi .spatially Ljjj^ iAj^l jbta-Vl 

Queen Maud ju^ (jr^ '«jLiJI 0-« j-^^l i_ijL>JI (_y3 JjjVl j jl-rlt 

(jlj;^! flL>ul JjjjeJjj ^^j^Vl (^°) 5 jaIj ;-j ,Utl JjIjjJI ''•■j ^ iLand 

.juLtU *<^l 

>J-^t Jijj^' ''^A*^' Jj-"- '- "''V ""t l iduij 1^ 4j^liiJI J5_2_tJI J>L>j 

I ; -^jj •"' lj-«j LlII->- cjLujlII fljufc (J_4Jejj J TT. 'V i_aVT 3j mi r 

4^ L Ml "1^1 4jjj/ j_yJI J J MiJ 4_iii i<_3jj.j>. 4_«jj! j_yj| J >.lj £y5 LjjSLa 

J_a=_>Jl l(JLiil Jj I I II (jyJ-C • J ; "1 I (_y^j_Ll!l J.j5tJ>JI l_3j_«jJI L-IJJJJJ 

4> ^ ^Lc j±4 c^i^ >^ cr'l^ >* MAC 86002 (Oj (^>^> 



jja:^! ^ Y88141 tj^y^ull jM-^]^ iMacalpine Hills JIia tj^JlSLa ilkla 
(jjji ^ Yamato jjLoU JI i y ^ > tyA'KUj \ \AA ^LiJ ^ i \ ^3_<Ill 

jjJi. ^ L^jk; ALH >o>!l ^A^H o-^^ 

31 <i i.ill J (_yjji:>Jl ( \ S^Ltll Jl I -vll 51 ml.. I ^ (spur) (2>^j (j-a 4jj Ln 

\ ^\^ 'j-^H* o"^' 5 ^ ^/Vl 5 ,=:,<- '^I ujLljL-JI 

dil jjl ,iitl (j^j 'j-i^A (j^' 4 !i U i <ij (_j.ui j'ijJI jl_lL>JI Ji^l (^ylc I ^ AYAj 

Jfl^jVl iS-J-^^ (> i;;^^' j-^?^' lJuS^I < nA^ ^Lt 

J Ij (jVT (j-a ij-^^ Cr^ Jr!^^' j-iSJI ^^^^lo ij<ujjl_jja 

?|NMII iijdW^I >m1I ^ 

j> <(JUJI 3^ ^..»^1 j^j.ALH 84001 ^>uiJl ^ 

Jj^ <jLo JLJU ijLjt (jVT ^.iLalcj (_yJj_iJI i_JJLjL>JI JijJI 

^ I J ■ "-^ ^ Score j^SIjj. Ij^jj ojL^ n-sLAl^^l Ijuk J-S-^^j f'>f" 

aj . <L_L$j_Li! I jLa-s-VI ij j i n n 4 » j m jj^ i3d>-^ 

' J -^H 4-a- J "i 'l V] (_yJk La L^LLJUjSLo ^jl i3j-i!l ajufc j p - t j i JLo-aJl ri I . n "i a 

5? jll ^1 J iri.i1! c- . I .u"-^ i4_u3L>JI LajlcI ^ L^J 3j a ,',M (jl "i/j .,_y^L»_>JI 

jLia f- 1 . ^All (jj • "'J j^J-* cr^ J^-*-*'^' eJJt ^ (J-«-*J dJIo J-fl^ : 4_iJjx>Jl 
4jVj (j^ J nr.cJ3^)_jJj 4Jj J_a (^ ^J^j jj'C i .i CjjJj . ^ ^VA (»I-C- 

' jl 4j^j 4j»_aL>. (_^J^I 4jjlj3L>JI I ^"i "r . ii «.Liia^ JJU (jLt_ujiJJj5 

: I j t J ^ I |»Li^l liJUj j^Jujj . (__)jjJL>ijl 4jjjL>i (_yJj ii""r il J 4jLjaL>JI CjS^^^ 
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(jji 4_>jjIjJlII lIjJLC. ^ njLLtj^l (_JaJ SjLlC 5j-cl m o'? «jJLaJ 1 ^ » 
.«(jllijil 4_ju_i_Jo ^ I I n f (jSLI UCLA ^ ..jl-^'.i (jjijj Ljjjj-fl-jJL^ 3 . .^l ^ 
(«i»J J>-2-^ Cr^ JJ^-" t^j„,.,Tr.,,"H 5 U"U CjIj^^-HI Jl^I jjl y "1 Jj 

(j ^'r-i Vr ~i! 4 jiflU L^IjlAI o j-j-C. La (jLcj-i-uj igCology I j-wjJjjj-wJI 

J f 4ILui 3jJL L£JLi_& '"'j^ 'J _ ijj" • "J J * 4JL)JL4J 4_ujjL>JI ^ J ,t-.^ll 4_i^^^_tJj| 

Crary i4_ljjJ^I 5 j iU;;ll 5jL5JI liiLsejVl 

Cy> u'-^l Ji^ >*i 'lSj'j-^ '^j-t^'^ j«JL«JI ^^JI 5 r.i'i iLaboratory 

JJLC Ju^J 1 j Jjj a'Ca 

• « JL^-Ij dj^l ^a" I iij (jL-uj| 





...Unti (_^3LkJI ij-uiljJI o>L»^l cr^jlo^ Kj-<jLl)!(_^ 

(jj «" III I j . iJSj' i~i a (_yjLjLj — j^^SLj^)^! ■ij^'r <i_i ^ ^V"\ j»Lc i^J-tJi IJljJ ^ (_yjjj:>JI 

I J n I iil^ ^^^1 A Mi'i^ n j« J ... ^ " I jj^iijvLJI j»LS i''<j iijiiljjjji Jii^lj jjiLjj_xJI 

jJLo-oVl i.iLl~l 4_i iiiIlLi 5Jo.I ^ oJii^l JJ .5 J jj<tl ij^ijJI jL«>Vl (^1 4 uiiltli 
(jj-tuJ^ 3^j_o (jl^^ Uj j^^ljjjjtA (_yfl I () jlr (ijbtJ^I (Lta:^ 

jJLs 1 J «1 lili ^jjd J J ~ . ^ 1 1 jl*»-"! «< i (i "i a ^Luij »1 lili 

jLs^Vl 4_<j,ljjJ SjLJtill oLj^^I g-^t UiU jjt J i"f I 

l^kLaJI .> ia cLjjLil— iJI j "-tl LaLu cJ-ua_djl i4_u^I:>JI j . U ^ 1 1 

(il lili ^jJJJljJ:>. 1 JlU» ; L^j-aj i ii L^ili (3^J • ^ ^VA 

"w"'- ' ■"■ CjI a I II («l^Cj^^tl jL3ej>.Vl^ J fi V a (_,<i i^-)! La^ i4jIjLjJI jLLa 

. ISLP-^ jLl)! j^jJI Jj-a_3 JUj ijK jJI J < ^ i |»LjlII cjij^ ^ 
«Lailaj (_JjJI ^djiVI i« JuLaJi» (_yjl L^^L^j (_yi> jj'C i » Ljjjjj i"i iilU tl 

LaLaJ 4j>: 1^1 1 j JJL-fJ ■ 'l I ■ "V ISLu^jLijf Lr-^ Ctt'J-'^?^' i_iJa^l (jjJLaLJI 
j-Ijj)^jlg1l (Jlil^Lla CiaLS - J ■ 1 ■ ' jJSIjl (_y^J •J^'-*^' ^'j-^ 4 J iiiilL (_,"-»■ 
L»j) jc^l Jutaj p ♦I-' I (Jjal^ J-« i I 4_i^_^ji!l jLfc*.Sfl (_$jLu^ (3i>^ (J-*^ 
4.iLui>a (_y]l .(4 « 1 iiitl (3j>-aJI »1 <?-if ! <>» JSU Snowmobile 4_i*Jj i (jj'l 

4_a_x_ui SjJ, 4j_iJ Ji_A»JI (_^^ ^0 al J -w OJ) a J "J I^L^ ("'m ij lja> (jVl 
ojuk (_yi> ^Ljj jl _j J a I n J.> g i"i " ' t I ij^ ~J^^-"I 

IJ I a I ilj.> (JM i^jjj mhIIj jjLioJI Jjlsej» : L^ji tiUi jj)^ i n ^jjjj .^LSjusVI 

i_j jl-lL>J' (J-S-i>JI (jr^ i- irti't Ll^ .(^J-fj >^*-^ ^ ' ■ LjjJLc. j_a Li^ 

4 1 iL-tjJ^ L^jtisj-Cj ^Li^ V' L^J^ia 4 iiUia <j_yjua^Sfl (_yjj_iLll 

(j^T 4 :;U',l ^^iiij'ijJI ^^aoLjJI Ji>JI «-hj-*^ Mj-o i o jjej - i t n j iJLljo? 

_ ■ II Lu^JUjiI ^j"i'i Li^ . Llij ^A^l i«^lj JL»J 1 a j'*^ iIjI Juk 

Lufj LaJ ir _ 1^^ T • Lu ..1 » n tt-'j:*^ 4j J jI -^ I I LuIj^ L^J-J^'j 

4^j^l f^t-'jll ■> jl-vJI ^Ijj L^l ■> ii" <_i lice pinnacles «4j, nU L*^» 

(jLS .^U MiU »1 1^ .i II Ijuk (_^^HI (jAjlj LijLjvj I i4_[3Ljl!I ^lji>llj 



4.iiAC ijJuL». 3>^^ AJ^J i JlAj . LaJi2 ^ o jJjJ o rtll t'jJt (jiaJU ^LaJjl 

dlJji niili -J^J .J It^JL Luajt (JJLLiJ) (jL^ jL.S_a tiiljj icrevasses 

ijJijJLI I >_li > -r 'i\ Ji_lL>JI i_yA£L pt-* I ' -I 'ft j^J " ">H J 1^^ -w ij_<oS/l 

(jl i 'ljir .»1 triPill j^jJi (>a LkLiiL». t;PJIj ij^UJI ^jj/L^VI Ll>.jj.!j 

■ <i(jji > i i^ll 1 (j" < I >>j 

C I 'tP c ilii j«j . 1.^ -*JI 4_>-J j-juaujs-^l j -«II jjSi i ii ^^-^Jljj i4_L>.jJI 

4jaje_a (jjo |J1 «i mi II 4l>.j ,_y3 i4jJ_iL>. ijjjLLus ('u i f (jy^l 1 4^ j -o aI I 
4 J III j'ij-l I I J " ^ J " I " I Tki I |_7^l ip^jJll 4^L^ 4 i _i li I II 4iaL<^j^ jJjj-gSLfl 
(JubV^I (jjl jLtj |_pJI i^_>ol_ajVlj CiLiLiUl 4.Miill «JL^J i^ljJUI oLiiiJLI 

l«kjj^jjk Ojjj tLlf^ (>aj . recycling ^^jilll ol jUr ,_y3 L^ljitiij/V Sjjtlll 
_ jj-a- i^tl i~iU'i <4 M li I iitl Cjuuij ('•■j -k <l_Ljjj_fl_iJL^ Port Hucncme 

L^-*-u3J <lLILL&j -UJ" '"JJ 4 n.l a Oji[lal[j _ (_3Lj>JI ^-lii^l tXj A -» « 

il (j lij li T-"i! (^r^JJ-^l-J 4 1 jlo -'J ~ ^ iJ^'-^ ^-i^j-i-'^^ jl -»■ ^ "^1 tlj I 
LaLSj! L^Llia£.lj i4_!L>o ^jJuJ i^'jJ\ ^\>i!l (_yJ! * J ' " «-a^titiajj i Laj-i^-loj 
y^J-^ (_yJI I " I 1 1 iij I ^^_3E.^ J i 1 1^ 4_^L^j 4j|jl j«j ' S jj . ". ^ a 

4jV^ ^Ji_>_j-«L^ ^-Ji-a (jr^ '■^^^ 5 j< lAtl «Lj_j.-iil pl Z '' ' " ~ ^jLsjLa 

(ij iri->.'^l)) (_y£j_uJI Lfcj.»^ jj( ("loir jj^ I II iTi l' 

r J ' ^ 1 1 J-)-^ L» j'^ L>olj (i4jjJ)) (jL^ ' ^ ** ilH&Li LjLdj ^IjJI 4jjJ (jl^ 
• JJ^ I II . I J J O-iL^ Cr^' 4jl^|jJI CjIjLlaill (j-Cj ^.'J ' '^^1 j^^jla^l 

L^_jJI j_a-».j>Jl ^-loj - 'l V 1 J i«l5j_jt_i^l i-dij IjjJ Cr*-*" Ijjj t^"''l : JJjl --.HUii 
1 a' li J Ui J (jl (_yJI IjJaj^ icdjj (2ys j«^jJI (_yic.J .«j^ju ijcju» :4j^ V i.n.i ljJL5lJ 

(> cr^jrH J^T^ Jj5 'ALH 84001 ; JjVl >-3j_i 5 



x^ Sio» ^ i*nill 



\jjt JJ)^ r n l_al in'l'^V Iji.V ii a . «UjLa <LCj_»j<J ;_JjJ>JI l—S^'LiJI J-i^ O ^^JM Q^ 



chip ilLsj ^U..! LiSJ4->s ALH 84001 (^j^l >^?i^l ' ^•-"^■^ .tL^a^ 
idiogenite <iM}-».jjjJI jjj» «LiT cr-^ j j-^ " Cjj>Z L^LIsu ijj^ ijijjvj 

.u -wL cL-oUaijI J. Al Vesta LLoi_3 ^j<^ uX\ >j-iSJI t-iLjj£Lll <_^ljSLII 

4..^:^LL!I t::^ ALH 84001 er^J^I j-^?^! J^; o' .4_3U^I 

^Lftl^. l' 1 1 'l n i^ji; (_yj>.^jj:>. jjkj iMittlefchldt lljiil"n «ijJlj» JLiijjJ 

c*jL^ j^jJlj njj "i iii^jiti ijjjL^ ^j) 1 < 1 1 j A I iii 1 i^l t (jjjLjo 'J j J ^ Ml 

■ (J «iIaHj i ri" ! i ^«i^jJlj ^1 lo lilt (jj 1 11 1 j^J^ '^'iSj-^ JLOAJ ^ .'"j " 
^ Al", ^ /. ^'j-> 1 ^"'J^ ^ 1 "' 3 " I."' 1*^ » : <i cil! j ' J " J-^-^"-^ 

1^ 4_flj^j <tjej^_<jj (jji^ 'l ■ ^ I 'a Aj U I nll . U^'a lijjjj i4_i^_^jjJI jLse^Vl 

OL^ >^^^l I 6? >«-3 i^>I^ c:i^ U u! . ALH 84001 >^*^l 
trivalent JaliUl 4_uMj jujl>JI (jjs S^lh a oLj^ ijj)'i-rj 

(_g j - "i - ? ej jjl i~. _i i->.jj jJI J^j-yj -(W ^Jj'-^?^' oljjJI jji oLj jj. 'i'sJI 

L^I^^_L>. ^ liJjLSJj t^l ) divalent J^lSLnJI iojljj i ^ j m^jj,! jujlsJI 

ol J_j_lj^_aSLJI OjJiijj 4 ii J "Ij (jii. i"i 1 m ^,t^^ 'a (jOjj 

«JliljjJI ^ Ojj j<tl 1 d'tjSLj '-'l ; <j 1 1 ,_yjJij) SulfideS (^Cj\ j j .il iiitl) 

disulfides 3_ij1Jj oI j_ljj^>_l^ ^J^^^ jujlj>JI cjI j j-'ij;-i^ .(|_JjJ^VI 
monosulfides 4jj1^1 cjIjljjj^ L^j^ ij^s Vju .(juji^. 5ji JSJ t^jj^-j^ Ijjj) 



46 



(jL^ <tLSVl ajuk .(^^) 4_LiSL!l «Gjj; ,r> J!VL^ jj^ 

^j_till ^>.j5tj>JLa (^LlILij ; Ljitj^ ^eO-fj ' >^*-^ J Ml r jlj*.! ,_yic lJi ^ ." J l 
^jLc jj -| t n iji^LS:^ AU 5 L^! . U J-o-^ ALH 84001 

CjI J-uj^_A i: I n Ml" 'C! ^1 JuLj» : ' J " (Jj-^ * "^-^ l^^-lIII ^ i n -«o i ■ ^ i 

tj-u»- iii'C^I CjI j o '— ^^>^>^' Lr^ Cjj "i r <4_uLuJI ' — itl 

(j^jLja Cjjj^I LkJLi£.j -((^J J Ml i f m j! JUJ-iJI j! J I iJlSJI j_a ij^j^SJlj 

,_yic. i_yjjLj i4^^^j1!I jLstjv^l /--IIajA-» ilui! iLindstrom jUjJ 

Jj 1.^ -sJI 1 nlr (jl oJl^ LaXJ i-^ll Lkjliil t>a 1 ^ 

LiLj<jLa .^^^1 jL^Llj isotope analysis j^UiilLi Jjt^" 
jjUiil tlj_j>.y J— c. K J Ml 4.j«_jiL^ ijjs Clayton (jj "n^L^ '^^^Jj cr'l 

i;iiej>J.I SjS'JjIII jLjt:>wVl 

Ijl^ ij I 1^ Ml a_»5LiII ALH 84001 t/j^l J-^J 

4jLc. i~i i^» : jj'v I II Ij^jj lJj-^ "^i^^' L)-* '"'^ ' ■■ L^l I— Sjj^Jiil jjJe-uail 
.i(i_ij^ jjt^l Ijuk (jU (ji-2j (_yic Lulj ' ^"o ijj^L»j»JI 



^t-i I II 'l (_;A^I 4_j_^j__LlII jl -f -v^l jjjo i_3jJ^I CjIj 

. jtjjJLI jjjo ) Yj 1^ «I ii 1 1 jjjO ( " I tl n» I ^ i o 5^ Ml r (jl Ll!L>. tlj-i:><JI I " I l' I 

j j " , 1 11 ljjjJlII (j -»JI jjjo CjI j i i m ^>j^_ijJI Ijuk jl J i^j ''H-" 

o jjjo stLiiSJI «tiiJI ajuk (Jj_i^l jjL^>Ji (_jjJI ^-ijjSLil /-%! -I . ^ . II i jjjL>iJj 

. lukjU^-L Ijjj^ <4j^J^I jL^ijjwVl 
Sj^s^jJLI ^jjjiJI 4 n I" -»J, I ^I^Vl (Jjj^Lflj 2 1 ,^ ,tt oJLA J-J^J 

^jj^j^ 5l^ J,?^ JJ'^ oLjj^pSlIl jjja (jjSjjj 5jj (JSLa jLiejSwVl 
■d" ( 11^ SjjlJI CjLj^^j^^^I ^JlXl JJL^j^ - t"<l '*JL^"j ' ^ J *— ^^^„2>^ 

I « 1 Ml i(laSLikj nj\.»jji^SLI 4jjL»jj ij^^^js^j^JUil ti « M iij i(j^j^l (_yj| 5 I Mlitlj 
ijliiil J J 1 1,11 (_yic.j .SjjlII ijju^J jjl>JLI jj tS'ill tillj diUj^jjill jjLc (jjfJ 
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^ jaJI i^lc 6la9 |J£ 1*1-» I II 



- i (jSI J «ij'CII ijJjl I iiH olj jJI (jji yJJ«-o joUaj o -v . j (jh'ij 
JJLc I 'lho" * J • J " 7- (1)^ 'j-^ 'liL>^^' CjIjjJI ^ SJiil <i"i o J^Lijj 

n^j^u SljJJI lU.^- Laju£. iCj^LcLojil nuclear level i^jjjil ijj" mil (^ic 

tlij_j>J . l>)J-ja L^J-^ 'J J ^ '^^ Lj-'^— ^Wj "-'^i>*J-i^' JJ-C c1iJl- - cj 
I J ^-^ 1 ■ ^ 1 ■ ^ ^_^JiJlj 1 JUJLiiuJI ukliJI jj-'O i_3j)_^Ja VI ■ " '^1 f 1 A ", 1 1 

high-energy iSliaJI ^ >l .^'11 i^jJj L^j iSjI^^jJI (jjo iljLai oU-jj 

oLij jl3j .l^j aIsljjJLI cjLjjLpSUyi SjLejji (j^a Sl^ 4i>?^ cr^l coUisions 

jl - ^-^ J : 1 1 jl ,Q^SLII SL_uu CjLjIjlj 1— «I i4_d_LLc '"'l /■ nI ■ ^" J I ,r 
tLcajiJl J I . XI jiJI (j\J ftl 1^» lili - LLiIj _ j( itl CjIjI -r- li'tVI 

<4_ujSLII 3 . , 5l o iilU ^ alUtI ^^Lc CjI «1 _i I II -^1 {«Jo^^p LoJllC Y>-7-i^l 

• tji i I iill (jAJ^LJ J J t"t jjjJ ftl a jtl I ^ <ij iCijlj ^1 Iri ill aJL* 

j-tifl jji-VI l(j i^>tt Lal .(jjSLJI SjLjLij/ ^LtiJI tf jj» jj! L-ij.<" I II 1 1 (jjoj 
i^jjjVl (jjo lij^t J;^l>it (jrfl^ : (jX.Lujiyi Jiitiil |_)^ ' J ' II " 

(_yic I.>1 i" f I uji 'f I iill (jrtjMjJ «(-uliUl (jjo «.J^ cru ^jljju 'Ijjuaj (J.ujj1 <i<) < 
,3 ", il'.tl J M tx itl jjL^,^ '(JLiil Jjj I II - J ^" ■■■II j-i^ j-tlaill 

i ^ i _ jj^jj^iJI iiiJUiJI j-Jalil . _ jj^j^lj ^ Y _ Q^j£J\ Lsjfcj 
4jj£La J iradioactive «3 — » m i o » S—jjJiVI «jukj : j S" m a j-j-c j— 

. ^ i _ (2;i:>.J|^>jJiJI 

iS^Jj 4j j I u II (I^^Uj v Sjlj-ALa 5l^ (jX.L«_iyi JL*l1II (jl j<ic.j tjlcj 
I j"'! ■ ^ — j L^_iiisj ^i?^^' tlV ^J-i-!^ jij-cl (jij O^.l,-»-"!! aJuk ^Lij jjLi 

J-A-ltJ iJistJij ^ i _ jl^J^^I (j? iJLlil Jj I I II (^4^ (j^J -^-"^J 

S-tiajJI SjJLUI (_yJj ir-iitl ^>-<ijlII j j Mi_ij . 4_Lui OYO • jJLj Half-life (_,ii 1/1 'l 



parent nuclei «Sjdl^l ii^Vl» ^y» ^it^.t l a-iJUiJI JL-r "". , „ i 4jL^ iJsij 
jjUaJJI 4 I i . K . ' i LjjjpJ 'daughter nuclei Sjjj!» 4--ie-"u,o i2j S'r i.itl j-j-c. 
1 . 1 M l r I 4_ijjSLII 5 in ill ^ whorls cjIjIjjJI ^ 3^j_«jtLAJ iiiVI SjJl^l 

ajJI^I 4_)^^LJ «lJjusVI jIjlcVI y>j J,.-xj i ■« ' "J' 
I <^ L- jl I ii->. 1 ii'v <i J Mi*^ i4_iJL>JI LajI JLcl (j^Lt^ i^jj» I 1^ «1 ij 1 La j«\ I ii>. 
Cjlj ^ i _ (jjjj^JI (Ji^ Ji-'iJ -j^ '"T^l 'ji-A jl S?! 

4_as_<jijVlj L-jl Ml ^Vl jl <i ri jbjLjtjJ L^j a.i V' ,ii_t ^^^Ij iCarboti dating 

lLHIjV 4jj_u3 (_5-AJ - i^J^LiJll J Ml r JjJLlIl (j^-ill (_yil ^^J-J j-j-^jSiJI 

■ ^j ... i .i. U .niiill 4j (jij i^jJI (j-flSLIl jjfc 1 ju* (j! (jjIjVn (jjjJI 
OU^J^^I (j^ JJUa^ JJL^ L^J tljljjjl fl -v. t^f) J inif J^J 

LjjIj i (j ir> «t (jjSj ct-^'J 'JjLIaill 4_i^L>JI ^ " -i ~ - ('"'^ "CtVIj 

b>_i j,. -> <j ^jji 5 J J -w 5j j 1.^ I N i _ (j^j^l (_)■»■ « jij .J ii'i I II « j^VI (j>>< iIIj 

(jj> «Ljjjo^l Cjl^ "i lili 4 1 MiilLj (j^J i 1 iill (_3'i?Lj u "I ^" (j^l jL«^Vl 

4jvjJ j^l 4 jii inill jLj^Vl (jjj ^>J-J^ JJLC. i^^n'tl Jl^ (jj'vjiii ij j'i^ i liiJi 
4 J i 3 J .' ^" i I j • L^l M i 'i^ l (j^^ ^ i- - OJi>^' <1>^ 4jfl^ LiJ^^^ lLII ii» (jr^JJ 

jjjL ^UkUI (^1 ^^1 LioLi iJ^Vl 4^3JI cjI jJl^l (>i 4_^Li^yi JL*lII 

jjlia-Lll (Jj^a-st (j^j J^Vl 4 J 11 mi!l jl «i f Vl tlil j ...tl 

2ji j_;r*J 1 i * - J I i iLij-jJI J,.->o 1 JUlVI (JjjIaJI ^^Llll 5 /.J ,„1,1 

(jj-jL ^ , YA (_y^-uajJI Laj o r j;''^ i • _ Oj^J^' (jj-'l (J^^*-^ ^ ~ . .. a 

n -v. Ji^-laJ L^jlj^ CjjI 4^L^^ 3jLa (jj> C,ijj£[3 5j_5e_i-o (jl ^j^^JlJuI 5 . .. 
(jjj^ l3i>^ (j-'^ ^1 M i "i jVI 4JSL«J (J^Li. jl— t J-Aj njj_>.j^l (j^ I *lj " — ^ 
4jjjajJI SjJmJI (jl^ i4jL>JI ajuk (_y3j .4jjI jJI SjjtiaJI ^j.^ j ' l t->~" «^.a l ^'a 
5 J^l (J" 'l" 1 II 5^>je_i^ ^ I i^"i 4j^l^ 4^j jj ~ ■ ^tl 1 j j'a 

(jj^ (j^ (j^J '(^ * - J I ■il3j-jJI (jjj) SjJlj jJLlaj L^_Lfl 5jJe_uaJI jj tljjL^ 



3 J 1 ..i'iJl cjL-«il!l (_>^Ll2 JMJk <LiUj .(1 • -jj^jVl) iLil ^Uij 
S-oVIj SjJIjJI S^jj^l ^ cjLl*^ jij^j^^j^ijj ,^tl solidified 

t j-n « J I liuk I fit iX (_gjl,i II J ^>jj-c. (_yJI iSjJIjJI SjjjVl L-al «.1.^1 jL)_)j 
JjuOiil ^IjLkJl^l jLi? .ALH 84001 

J) T ji I iij J d-C (_yJI il * _ i * _ . .11 I "'l J ijjLajo 

LiiSL«jj .(J^Vl L^ijo J J ■ ^ ' La ^^1 tU .^1 £Lj_a ' (^jJI o!ajJI 

J— <i_»Jl lil CjJiJL.». Jl3 j_j_jl;LU 4_tlij (jV ^1 " u I iiVI IjLA (jJI Jj^jJill 

Sjj-t (_yic. j-<s-»JI I j-* JJli. JlJsj .4jjj, (jrJJ^^J i, , O «ui SjJr i^lt ,_,ii^Vl 

' Jagoutz 33j^Lj Jj^l (_yj>.yj_j^l iUL^^j ALH 84001 ^Ah^I >^=->^' lV» 

^jJlj i4_ijU,Vl «iijj-o (_yjs »1 J 1 lLLjMj ;jji^La ' j • ^ Aj^Lajj 

i jJIjJI jjt^ill t(rubidium-87) AV _ ^jjjlu^jJI cjLu»;^ t>j iijLS-o \±y>-'\ 
jJI^I tuJj JJjei L^jJ' t^jVI j^t^ni jjkj i(strontium-87) AV - 

(jjjL^ «t_jj^ n f J 1 II li'll j-iSi J • 4jjj/ (j^-Jj i V «jJl^ i^ i j-» « j 

(1)^ i4_Lu L^S;5^-J i I O (Jj^ JjV l"ijllr-|" HjJk-U^I (jl (>jEJjLaJl 

JL>lj L^j Ijjj^j tjill ijJejjtjJI <c.LJI resetting cUjoli SjLcl ^1 i^jit Li^ 
^jLsf j>a JsVl ^ lJUoIs! 43>lii ^j^i ALH 84001 ^^j^l j-^^ 

5j_<iiiJ 4_ijjJjSjLll «JIjL^^^^I (jl jl . Ij 1 r ij;^>J>.Vl S-usej^I jjic-uaJI 

LAj -<1 r JLjj-J 4 J l'r-'jVl JJ-a- l.-lt| ^ J 1 ^ '"'J 1^ J-S 4_LjLi5J^I 

(jjl (Jj-^ <ij o -r i^W ^Jl^! j a c jjl (_yJI Ij-tijj i<ij-u (j;^!^^ Y , A 

i»jL2l ALH 84001 (^3^1 .iiu, cjI jLiLa 1 , Y 

.planetary satellite ^_^J^ ^\ j! <-^j-^ j>a '^'^ 



SI 



6 j^-^ 6oia9 

, - .1 T ^ ^>Li ii-t-Vl (JjIjI (inj (>« ->-*j er^' - ^t!^>t!-^' i JL>. |_gT 

.'l I" J— «jlI 4_jjLi/a jl «if t _ 4 J 1 11«! i'itl 4_Cjj4.»JLI (jj ftl— ul L^_utuj 

' ^ '■ . ^ 2Liii>JI o"r ij 4j|j iLa 5jj i r^j Llai- < h'iif^ ALH 84001 

^t-^ ■ ■■ ^ (<»J IjlC La_t^ 4jjLi i (ji'C! i<xjJlHI 4_i^j_LiII jLa^^l ^ 

^ ALH 84001 cA-fJt j-^^l <3>LL=yi Ju. ju^l 

. I ji^jjs ji>i' Cy 



^_yLu3'^\ ([^jll jljjl^ s j : ^jLa -t-jj^i (3^>l3 J^La liilj L^JlLo 

tljl (JJiLl^ (_,lr J «t "i t"l i(__>^J^I (jjlc. I fl l')! "'v") (j^l ''•ri>-*-" JJ) T- (_)^« it 

jjLta-Lll jIjL^f ^ j-j-Sj i<ij-<j oj! i^jJI j^r^ L-aj. t " i I I Lj-LSLttJj La 

^1 jiLkUI libliJI 

4__j_oi_l!Ljj ; ^ o _ (jij>.jj^>_Iii!lj ^ i _ (jlj>.jj_!llI 

' ■ ' ■■ ' (jjLljjj . y y _ ^jjjjJlj I Y ^ _ (jj_uJlj 1 Y • _ (j^jJI jl^><-! t(jjjill 4 J I II il Lij 

i(j_jSLII J-*-^ (1)1-^ L>* CA»-* J 4_L^L>JI jjLIajJI j| JLcI 

'"'l (jjjoi-lSj (jjjJI lilLill «iLai^ .4ijLfc i"i 1 .1 jl iIjLLjLiUl ijjufc (jl (jjs 

ajj_>.jj,l I ' 1 l"i I 4-^1 Ml a I ■ "'l j-^laJ j -r i 1 1 i ! (jl ij»j_3tjJI jjLlajiJI 
(jj3 j-i^l jl I i ' 1 1" a 1 Lfl I J J "i 's 4jjLj«JI j j f j»j_5cJJI (jl ^i^j-i ■(_>." a i~ill 

. 4^jjLa ^^^t^ <_ 1 1 II n L^^LI^ j J^"' (jr^^ ^^.t^LLtJI 
4_«jj^l 4_l1>-IjJI i. i'sI ^SL!I (j^ (j^l ijL^ i4 J I II a Ml 1 1 I ^ J 1 ~ " 
(_^j.:>. CjIjLi. (j-3 4jjSLo ^di^ <ni£.l (j K I" a j i j^;_^lj (_>^J^I I a iti j i^j n a m'H 
■ ......II jj^ 5j_».lj 4x.j_aJas-a (jLa i(jAllIL>JI LlK (jjsj . LfcjjUiij i 1 1 n'i i_y\^ 

eL^jt T (_y3 J- Ml "i ij |_gj.jJI i_3^LiJI (j^ Ijiaj i4jjil£Lj i_<^j^l J-J-aJ 
^j^-aJJ (_$j_>JI L^^LiJI (jjib^ . Ii I J"»- 4:>.j^_aJll CjIjLiJI (j-a Ss^La^ e-i^jSUI 
1 "lili (jjo 4JLl.j_u3 CjI j a ^ ^^a i(j^j.£LII , 1 j mX| (Jjo 4 o « a 



II 



iJJH-idJ^''J '6>*-J^I oljLc.j nj^jj^l ji.i's ! Jjtj iftUI jLitjj 

jIjJo jjjj (jl " i'n li II jjLLj-SjJLI <■". lili» .xenon (j^ij^lj .krypton 
4jlj i^^'t ^<ul^ o^jVl (^1 LlL-ujIj ,».LtJI (^-a ^^^II j-lSLjLa 

^_;,lc tj«^l« I (j-uj d Al'^t I I Aj^.l t;^: I 4 J 1 1 II i 1 1 B^^jJlj ^.usLIjlJI ojjt cjI J «i^j 

^ Y J) -»■ il ^Llaill (jj/Lj—ib lio I n ^ ijjisj^l (_yic I (jr« j_i^l 

1 1 iii II 3 ^ .1 U', ^ I j ' ^ ^ «(jisj^l J ~ (j-^ I fil" "fcJ ^1 tri ill 

.EETA 79001 ^^<>..,.u.\.\ rdui£yjul\ jLj^Vl daa jl^-Ij ^Jc Sj^^l 

JUUJ (_yic (jjJJ-^ Cojl <i jtl (J-ul I ll^~t 4 jlf J "l r jJlj 

4 j-wL>.j Cj^ q"i i'i a j_ylc iJiLoJlj j_5jlljtj 1^ Ij I» ijVT (jjo (J Ll^ v I . Cj Ij Mir ^«^irl I 

L*£ _ jj^_«U t^j-a-JI i_3>LiJI ^ 5 j_J(_a3 ftlj-^t ' ^ U" glassy inclusions 

Jl^j . jUkJI (J^lj 5ji^j>.^l i_.i LuJ 4 LsLu^J 4jLa j-' — "tl iSj^ 

J— SK >. (j— a i-^J ^» (J, J'll J a- -«.U Ijuk i_5LSLa , > j ii_0 Jl— ^ 

4J uot (_yJL: jJoL_a JjJjU Ljjijj-J «Lil (jJI I jJi-i .«(^r^itJ>J.I C^)-* j 

4_u!lII 4_jj^^I SjJSJ-»!!! jL*^^I ,_yic. jaSLjjJI i(j^LaJ3 .(j_JtjyLI 

j_a^L) 4 I Mill |juk - J^W '-^^ CrLc i(_^3_uJI J j u.ij 

■.(^J_UJI j.^>^l Ji.b Sj>*>ll ^LliJI ^ EETA 79001 (>J^I 

j_5j_>Jt i_3^LJlII ujJS 5jij_3-_^I jI jjjo CjI j 1 ^ (J-a-J I j * J 1 'o 

^1 isotopic fingerprint 4j;jLtiiJI 4 n '^iILi LjjujJJJ ^,^<" ijtj;_«U 

jj^l (_yJI ~1 CjjI^ Sj- V i «^1 1 (jl (_5i ;4jl>.Ll^ (_jj/L2jj jLiill Ijuk (jl 

•fW^' 6^ CT^ 

ijj-^ (^jdl jj^>-»U l5>^I e^>L^I (Jri^ (jL^ ' ^ "^Vl ^Lii 

(jjjl (j-uLujj ** J ^ Jl3 ' " '(jg "' J "i l n I I ^ i^jLaJI (_,"i I ^^-a SJ-^^I 4l3Li^^ 

Jj^a_al (jru (jjj» :(jjjt J>-2j -(jIjLa 5_«^L^ ^ LjJLjv (Ja--«j (^jJI lOwen 

t^MiU J)j-jJI (Ji>J (j^ ^'-iJ' 'OJ^iP' j-jUaj Jl:3.I (jl JljJlj>iJ (jL^ i LijLij/Lt^ 
5_>_3^l 1^1' I "al i':. ". ^1 (jl .(_p3j^l 4j£. ^Jj-ll I £/u^_aJ j 'i ^1 

iiili^l CjLj-aSLll diii ji>il isotope abundance ■ ■■ 4jpUiiJI 



4_L^3_iiJI jLtJvVl ^ (Jj^Vl iLoLiJI CjIjLii! 4.-i _i iiiill Sj^^lj .4_Jej^l 

(-sMJlII -5>^>1.' JsL*Ul 5 -^1' ~ - L^l jLp^Li .^l";" mVI Ijuk 

iSjLLala I fli'v I ij^T tj^^jj J-'f^ Lr^ j' i5j_ifc)JI jl <_c^^^ 

j-jlA jLscj-Vl Sj^^jJLI ijLJll (^ji^ 

j»jj_>_L3jjjJI 4 J o < (jic (_gj "i *m (jjj f -.unearthly 
L-al « iXi 3 III fl-^ jJujj h>l».3jJlj^ jjLlIIj Jj.2iLll j-JajJI j^j ideuterium 

jLfej «j^L^jj I J ^ ", Cl ^11 I <l I" ^ l_aL4J (j 'l 

jUlI Jjl^ -ill J>L^ < jjj — *iJ t^j_-KJI l^^LJlJI ^^ 
JiSj .(^IjLa (_y3 Mauna Kea Li^ LjjLa .v i^j^ ^ spectroscopic analysis 

j»Lfl LojlIcj , L^li-I J SljljJll 4-ijKjliii!l jjjUJLLi 2 :;,^-,u I ^^r^^ m'CVl olji 
(jjj meteoriticist oJjLiilLi ^ j i .Clayton (jjJbM^ '^jiSJ 

(_y3 M _ -r 1 ii'sVt i^ljj (jr^l _ I ii'sVl dilji 4 1 1 n'i jjj/Ll-oj i^lSLtiSi 

Sjj^jll llUj (2>^ 4 rtl" T- « 4 oj'i JL^-jj . ALH 84001 (^J_tUI j.j«JI 

ij^ i"< i°iiM^ i4_jJej^l 4_4_i_ail ^ 2 ^ .1 U", n 1 j'Cl i^jlsj^y |_^j.j>JI i_a^iLJiJI 

.Sjjse^uaJI «Jl^ (^JLoVI (^JajILi 4 i-dj)< miII 

4 J i n" j^l.l V" I iiL i3^-i!ujl!I 4j^^4^I 4_j^J_iIjl jL%»^l (j,!^ i—S^jlIII iSJ-^ 
>- i I ii i t l SJLaJI tfjjk (_yi»J La _5-Aj 'l j ... A". 4j^L^_lII i_<jjiill 4jjl ii a 

i,iiii;!l tiru significant tll (jSJj 5j i^ll Jij^iJI ojlj .(jlsjVl ^^Jl j-«-2JI 

jjji J^Vl o'Lj cI (jJI '4_u:3jVlj 4j;fl Sll 4j^Lt»iJI 

J^V UU 4li>.nU 4j^JkJI Jj^j ^1 ^-^---j tjl; ^ 

4_<£j^ j<iJ*-:ej («-U1-3- tjjJ i4jij/ [jjjiLj L , o <(JjLk ^li >U in\ iijjjL>. ij-«-aJI 

jjji (jL»ia_j-a >Ui^VI Ijuk (jjij . 1 dLijI (_p3jS?l t>uj 

i^Liisyij ijijltiiJI ^ tll -vJ! SjLa jji cJaJls-l dij-^ i(_<j^l «iLia-ill ^^JJ (j^J^' 
. Ljj-aa ij^Sij LiU juj 1 Lt»^ >^^l ^'"y C>.n--crJI JlS j«J jij-a (j^l 



(jj^j_2j (jjjJI Lilllj^ ^JlLa («jj/l j^j) meteoricists j-j 

(>» cr^y^' 5j:vL1!I SNC ±^ <«SNC 

jh^ (j^Laf 3j>Ij <Chassigny (_yJL*_u^Lij iNakhla 4litjj iShergotty 
SNC «LjS^jjjJI jLsc^VI (j-u jjjo iliji ^^ilc ji^j . jj^. ,^tl , <U" L^j^ 
jl^^Vl Lnj lij^LJI 5~riiU La! ; Kjll^jllil SjLa < ^ Y Lajjlc j-JlJI 
(jjj jJuLjj .|j:^^_i-f CjIjLa ij,^ i~. t-»rt I rf 1 1 n "'^ iCj Nj S 4 J J i 1 1 

jLsE-j»-! 4 I II o ■■> ■ (j^pj i (J^! j! i Jlj>.Ij l'J'jjLj ^ l'?! c (jAj (l^o 5 I II a ->■ 

Lujfcj 4(jL_L^LiJI (jlj...-Te- r« JI Laf 1 1 Jujl-i j mi r «l_uLi»jj 4_»jj! (j-u L^a 

SNC jl^VI 
... ijfji 5!j-al Cl Mi.^! 1 ^ ^0 i ^>Lc. (j^) .1 _iK SLaj ^1 |_g.a! La^ . ^ ^ ^ ^ YA 

> iiti I II 3j " ^ idil jjjL 4_uLaJ (jjj (_y^j_u j_5c_aj 4_iSLjj_aVI LaLjV! 4jVj 
(_y3 aJL.>j jJI 5^_5-^' (IV Sj V (JltjL^ lLLIj (j£L! i I j 'M • " i_)Lu3!j t 3 " J ' 
4j^_^j_lII jLjc^VI a . "> - (j^lSjjjj .(^J^l jj^a Ll!Sj_ij Ij.j:*j>. (JjjjJj i jjIjLsJI 

jL^jS'l 1 jVi a I cr^J i(2rst?'>^j.!?'^^ e?"^ isjJiJLl J J -» ' — 1 1 jjju ^l^j! (jjo SNC 
j^l Ui ;lt Sjljj^I (■ i iiiitl jlS'Jjj .(_yjL^j_JI ,3a„i "i 1 1 (Jj>-^ SjjSjlll cJjLJI 

. 4jiej^ jjiej^ L^! L^ii-ljij Sj^:>.jJLl 

4nrf^«AJf «aJiiUf 4«S>Jf jU^iif <UaJ «,^^11 ^ ijft^yic J^aJI 

1 (jia 5jjji.m Cj\ ij tll i^j-II (j-aj S4_Liej^l jjje_i^l 4 j'vl a Jjju (jJ. 

JuaVl JjjJo LlJibj3 j»3Jfc_cu3 JlS JjVI JIJ-iJI ^ ^Lj-yi u! ''^j-i^' 
Olj^ ii a Lkj—uijJ (jr^' (j^J^' 4JL.>JI ^afli a jj^, > " J i "j i(jljaL>iil (j^ 

^jLill <-i.U'ill 4_uiai ireal property lx5_ti>JI 4j£HI ii>i>JI 

4 J .'-^ ^tl ^ tlljjjj-u 4jjJi_4J LlLlII 4_aSL>J.I i.-ia^->- i ^ A • O ^iLc 4 jl/^ 

4j^L^ 1 ilt'i (((Jila!)) i^jJlj iPoSt Cjjji^j (_y^jLJ (J i^jjj Jxi icj^jJLI 

ifljL_iIaj-oLi aL2 J-'- i' Cr^^ iPiersOn hj-jJ j_c,Jl1,I j i<-> i4J:JjLLijij 



S6 



(possession 5ji j -««tl ^«ujI jV! a .Ic. jl U\ ^1 I a occupancy 

fUjj .1 _ ilt "ill (_y3 ijj^la 3 j -'^ '"■ ■ ' J J I II 1 1 (J iijl"*^ j_yJLlILij iKiiii^ 

4jj_jJI i"'1''Ij ^ -1^1 5_^J3LL«jj liajjjLaJI 4_ijLj.iJI (jji 4_ie_ijjl^l SjL^Lill eJJt 

(jjjiL>JLI JjLa- 'a 1 jLxL>JI SUJULlj 5Jj) nii^ U j-ii. 4_iil3_jlll jLfcjwVb 
j^ij 4JLi£lo (j! /\ «j^SLu, b ALH 84001 t^^j^l j-^^' o' ^L^! 

ii>J SjUj 1 II t jj-iajej i4jjj_l>JI .U^tl 4_»S^^_iJJI jLt^^yU 5j->-"i1,l CjLV^I 

<i III III jjj i(NSF) i»^ljiiJ «L-lLLs^I 3-1 II iiijJ.lj t«l iiilj» SJlij LajI iri r i (J!l<u 
t_,a'iM 4_i^J_iiJI jLas^Vl national curator (_,'i!f->^l («liLll L^? 

("iiil"i La^ i(_yJljjLj^ (_^..»."n 1 ^ jir «11 J-" t J j( 4_JljjLj_ajl 4_jSLlil 

o 4_j_3lj_j95 ijjj gjil (_)ji^_»<jjSLl I (jjo «1 A*' j3>j)lt.U 4 4 III iiijJll 

(■ .U iill (j-a T • jj.«_u3 4 jJI J 5 J -'V 'i.U >J1iLjV^ 5 j,_aU„ll oL_*jVI 

jl-l^j-jo 4 "^^j J > iMarvin (j^jl « injji (__>^1j_!}jj ■ j i I 

4_jSjLAJI »Lj^ j lil 1 JjljjLk jSj^ i^jj> 4_jSLLflJI lili (jLiJj "< J <i I II 

4_t^^^_ill| jl •» -».^1 4a:>J LjJL>- ""' ' "J '""^ ' " ^^3^ ^-l>^^ "^^^ 

(ji-ijj) "i J n I II I « 1. ^ 1^ i^l »1,1 ml ^1 4 <d j a J . ^ ", i4 jin UI 4_^UI 

• JLlAHII J^u LuIj OjI^ L^Lu^jj (|^£LI ija jl t.U 4 jit-i^l 4 i n i iij^lj 
^U*^ »1 u" I iiLj 1^1 i>iii It ji^jjujj». j^J^ (_r^ l^j' j 4-i^j jiti jLauj-^l (2}3-=eJ 
jL4«_a _ (_3JI l^ " i j^i o JjJiJJ - Jt^jJ iCjLaLaj 5j^j^ ^ <-|<U'°) SjjjLuo 

^jja i"il m'ijl JJ-^ d),)-' Cr^' t4. n« JI "(^ ojj) i n i jj^^l (jr^) (jLujTi-io m 

^jll j> « L^U» aJLS'j I a - ^1 . ALH 84001 ^A-^l >^»^l 

3ij-a- ifill (jjj CiLl^uj! J-JJ-u Jii>^ t^J-?" .ij-ie-uail (jLuj "n <i m 

t^l£Lxj J-J-flJJ 4ljl j»L^ (^jJI «0-^' "^-^ 1 (i J L4J i(>i"i .--LjJI Jji_iILi 



•\V J^! cy> o""" 'i^jj jJWJ'j 'ALH 84001 ^A^JJ! >*^l jy» ^:;.-.tJ 

C n - fl jj iOLulaJI JjjjJ -J^i)-^! jJaa» lSJ^Jo 
jtt^l il U ^ jL.il! cLaLuIl ^^j" ■ II j^^iiiJ 4 jiUjJI 4,111 nijJ.lj «1 ulj» iJLSj 1^ 
j^^'i I II i-<k^ lOLlLJI 4-*jvlj_a 4_L3cJJI (j.^ I _ 1 1 U*i ^ O-^J ■ ^ --'j ' 1 1 I 't j » 

«Uaill (3^ljJ (j' (J^J " "^J llrii-*^^ '(ji)^^-^' (jrJ-«jLiIL«i! ^^yjojSLaJI -I "tl 

4;>.Ll* 4j£^)-uJI jLse:»-^! j^l*>. «'-^ ij-* (j <ij~i i lU 4 

iJKjj 4_Lil3^l 4 1 II I iijJll q\ ly^jL) j^jJHj . 1 (gjlf CjLuIjjJI (jjo Jjj-li 

4-j-$^ _i 'l 1 1 jl -r iiLajVI (j.^ -^L)-'''' ^ '''^J' (jl t -ir i'lil i.ii «LuiU» 

- oU^j^SJI ijM 4jjSJ,1 4 flti 4_lS3-_i'l1I jLse^Vl (jiiCj 4 _i 

i(j <u<'i^ 4jjLSll JLX.I I n"i 1 n j • 4 J i^jVl jj-jr mtl jiwJLflI cdJjLSj itJjjjOjjSLIl 

^jJeJ^i j.5K->JI jLx>.t ^J^J (ji^ if^tt (j^a oLcj-^jJ,! «JlA 

4JjL*_« ^ S>L^t jU^Vl ojub L- LkjUa! ALH 84001 

I . II- "< (jlj i^«i«JI 4_<Ct J» 4_c.L3 (_^t J>_jju (jl I n Ir 4^_5_Lo^l Ijuk I fi Mi^ t 
1 Juuaj iijt-LuaJ. ^ A.t -v. (^jl irt'^ I^Juj (jl (jrt-«L>J.I jjjo tl fc? 




w 



ijyiic. (jj-Lajj 4_iji)_iill jLts-^l *'>^ (j' l-yL) 

^„ H , ALH 84001 (>>^l >^^( 
ijru!iLi i , o Jj_a ^j>ll (^ic volcanic ^^L$^_Jl 

Jjil »\ 1^ nll jy>.Lflil 4.tiiJj i,_yitjj_l,l iiiU 
4 l iin'i'v'i (j? Jjil (jiaj^lj «LjoLkjjlj (jj) jla ^ O 

i_klf J Ml r 4j^Ij j -r ^ ^Ai jiljLll (_ya j j^ ■ ■■ L) 
i_kJju iSj V m)\ «juk (Ji-lj (jjj jJajj I a, I V J 3 ' . .. 
iSJlijij «LuLill L^J^ JjLstli A2iala 

. 5 1 n "i -t a 4-«jJ_3 5l J -Sj-cwj ^1 j_i_iiiJ (_yjJl 

^ 1 'l o " 1 I iiVI j (<i4jjLa_<i ^L-d-iJ . - iii't (jl I ;.j|f 

1 fn ir-illj Sj^l JaLSj ^".tl ij<^j| jioLUj 

.(C^jl j j iii n'i 4jJj J M I n") j^oJI (JJjJlj p 



ALH 84001 4fM^t j^t AUfijS 

ci^l ^-jl mi l (> 4^ OjSl:^ ALH 84001 ^ 

(jrj^a^oj^Vlj (j3i>^' Cy '^W^J-» cH*J 'SilicatCS .t.M-;., 




SjJt^ i^a^f 4_uJli; JSLiiij ,_yjJI .oithopyroxenes cijln cuSwj^^jjjjVLi ^ 1 1 ...t | 
>j-?! ajlIL 4_ijL^^;_Lll 5 J ~ '^'l juk 5 J ^ ^ i ALH 84001 




t^aSfl;>« jl mi'.o i5>Jh-i,^1I cL.<a»J)i>-i<ALH 84001 ^jiojll ^^J-uJI j.;>^l j^i ^ 

jj^j^iJl lijiji ^ Sj^SLa mineral deposits S-uJljlji ol i ni^ LijLjjj;£Jlj 

lJL>JI i_jjJi L a 's j j»j J 1 II I ISJ I iJljlj!) aJsLui^ (jiajL^ I ^ ■ '-^ 4JajjjJll (2f4-9e-ui^Vlj 
,^^j_uj£,m cljlji itsLjjjJ jl ((jlajVI 5j^3.^l LljUjjjiLIl i ilf ! 4 J iiiilLi 

if-Luiail jj '""'j^ j^j fj-jj^" ALH 84001 (_,^^jiJI jjcjJI (j^s «LujlI LLjaj 



Oj^inW tlj^l ^n-y S^LlLd iljlj^jill 5j_ii-u3 globules iIjIj^ Ju&Lui 
,<Li^^x!l (j-a 4jLa I JLs-lj CjLjj.^! o Juk jJjJJ • tLuKjl i ntl 

oLjj^^^LjJlLi (jSLIj ii::jl_Lisj_JLj aj j ^ . ^ 1 1 .-|| 'al , ,.t,l .iL lil" j « (j .h ^ i»l «^It.ll 
«j-^) nanometers cjI jJLjj^UIj (j^I i>o o_h^ <=>^) microns 

J -r'i 4 ■ij\>-H strands JjIjusJI ■ j ■ ■■ ■» iSjjcJl ir.ii Si'i I il .jJIjs^Lj i-ll! 

l^'it o Cl " 1 (_yjJI (J£j (jjejjJll (_j£j_uJI ^>_a_>JI (Jjl">i i (jl .4_fl_t3j 

(_J^^_L>JI _^_a^>JI j^icjus 1^ CjLj^ li-sll beds (jl «j ii i 'i ^-^ '"j " (j^Sjj La \j-±^^ isLil 

(-sIjlj^V C(_,U_iII («^IjlJI JjLij CjjjSi (cjU^jjiLILi 4 jiUl) limestone 

ji^ cliLj^jj£L]| (jl (j-a (<i£.jJI (_j^J -J*^"*^' SijjjuaJI tb^ -riil (j^ ^ ■ ^— *■ V 

«LjpJl CjIJjISLII i <j (_yjJI «Jlilj^^^^l (jli i5_i-w^^aj CjI jUf (j£. 

»1 inj itl cliffs (_3j^).J>JI (j^Si (_^l (_£^_i_>JI j_ai_>JI jjJej-a j'i'v t Lcj j r n 

j-jsc-sJI (_y3 CjLj^j^I CjLj^^ (jm-j^ _U£.j . jl-^ tVI ^^JJ 4_IjJUij jj^ 4.^j_^_dJI 
CJK I a n t Jl^Lj;,! Cjlj L^jAju (j! jijni'ij a .ALH 84001 (^^jiJI 

ijL>. ,^^J . disCS (j^l^^l 1 ^ »a 4 I Mi'i ij>-jJ ijtlaiiLo ^j^Vl 

,^_>^l >^l 4Jl^ 

jJI La .Sjbjijs jjI. 2j-jJU S^oj^ ^J-»^ ur*J '^'-'^i'J^' (j-* ^jSLo ALH 84001 
ScLjjl^^ SjLa ijji 4jjSLa 4-ajJi^ Sjje-i.o (_y3 cliLj^jj£L]l ijjjfc 4.1« a') 
CLiLtia-tJI ,_y3 >ftj iRomanek lAuLajj (JjJ>^ 5 .^"i j|j nl" j a (_Ho 

4^j-LJi (_^jJ I liUj-^ OJ-^ ij^ lJ'^'j i<JiiLj^j^£L]| J J »"j (j^So (_yjj| 4_ijL_LA-iSiJI 

. r 1 . V>An (jjjjij^:>. j^^^j 4^j.jiJI (ju j»>-^^' ' ii « J I 4jLla^ 0:><J (J-«JU (jJjLa Jll^^ 
,_^L_iill (^JiJ»! (^ t^j-j-lsB^ ,_;^l SjkJjJI ilJj j_L^» «lIj^ liilj liluLajj j^jiJJ 
Cj£jLii LajUjj lOLj^j^SUI (^Ijlj ^ j jT i « (_^jjj (_yj| j t^'H JUpt :(_yjjL<jiJ 

4 J li J ^ 4 J i'rijVl CjLj^j^SULi (jj ) I » " Ml 1 . 1 »1 al tll 4_j_fl j • ■■ 'a (_,-alc j-«jJ-jo (_yfl 
jI^I 4_u,IjjJ 4_u3j-iiJI 4_».LjV jl^l (_>A*J 4jljl ,_y3 (_p3L^->->U ja^lj- V "i "/I 



(_PJI - I r U r JjLu JJ-i-a IjjLi.! (<U lOLj^Jj^ 4 jl.^ IjlII OijJl LjjLiLiij itf jlA 

jjkj iGibson uj ' " .' J > '''U •^j! cr^! - ^•^—'^ ^-^i>-^ lj-^! i^-uiJJLi jj-p c^jL^ 
jJoJJI Lult (jl "' .' J > JLS • »1 "^1 ^ jij '""'J-?- J^J-'^ Ly^ (jr?->^ J) J > 

J* UJ^J 'JJ jj ^ ^ J ^ ^^b^ T ' "^'^ ^ J-fl-S^ ^^'^JUl^ McKSC^ (^1^ 

.«ij^Jjill jjitioJI ^jic Jjcj J<t.ll IjiitJ LSj^ ;^l^J 

4i>J, JjLHI i(Nature ijujkJI) « j mi'm'i» 4_jjUajj_JI 4L«-*iJ 4JL2-a 

Lia- "i M ml» llLuLojj Ji-2j .Sjijtill CjLjV^I (Science «(_v«-ijl-<-u» 

«L^jJ A 'J J h iri (j^j 5jlj_>. CjL>.jJ i i rr (JjjjSj JL^ CjLjjj^iJI CjIj^-^ 

4ijLui «Ll* J>3->-j (Jl a,"'«>l ^iJ^ ^ *_J J ' ^ L?^'*'J-^ '-'^_>i>^' (jLfl 

^Uiii i:iij><j iijjjSLj jl^ 5 J i'njVl cjLj^jj^l i_Ac,f jj! jl _i" r.Ljj .c^jJI dJJj 

^jtii ^1 iitiw .ALH 84001 (^j^l j.^*^! Sj^>ll «iijlj^j^l cjLj^ 

(jjSij Jl1£. AJjLui ijLljO L^-i ;_gj "i -^"i lIjjL^ "Sj-^i^^' Jjj- 

4JL*^ aJLHI j-ijj .84001 
iLuI liliiii t iiV^j Jj li u ^ ^tl j»Lc jJj geochemistry 3_i:>.^^aj>JI 

iiUn'ftl 4j5JL>J.I strata Ol ii lUll Cia.V 'i L^j^ Lxj>.^j_l»- 5j j (j n i a 4 rtUi a 

O^^l I nifi'ij (JaS I (j! 1^1)^1 lUn'ftl jbT (jr^J^ 0:>-lj| 

SjlcI^I iJlaLUI ul\ Lul lilLilt 4jj_uii Jaijil Kewanee ^j-" l?-^ 



J m («J iRice ijJLilj 4_»_aLatj ;^IS1>5 i}seJjl\ .ij^jLiiJI 4_u.jjJlLi «LaLjtjJI 
Cr^ j«J i(_yKj_u IjjjjAjJl^ 4jloL>. QJi 4-i:>.jJj JT^Il ^I j i j^l l jj'mi -vL» 

aljjJl^jJI J_»j Jj_oj^ ijl^j^ ^ \ ^i''^ i ^ Mi j»Lc. .4_i_>.jJj_j_>JI 

^j-^ Ja»U l-ii>>t ;^lSLa ^jiJj ,p |.n 5_,:U jtl 5 i.i inj^ postdoctoral fellow 

4jL^I (Jj^ («-"'l >*3 ' tllj" • "J dJjJLaJ C'')(_gj nijll t'r\ n\\ (jIjjUII «Lailj)) 
iILSj jIjUlIjjiI ^L3) (_y3 jj " ■ "J J * (jr^! (^l^ -iL^ ■»! i'n 'M (j_5_t<ijj^ 

.(jj-j-L^j-uJI jLsoVI L^Ljij! unmanned r I ■'-^"■» jIjj (jjj 4_ijL^ cjLj^j^ 

(_ylc i_3j_«lll <lj lij^ »1 cP-» lili jijj iJJJ (^jJI - (^KJL CjJcjj! (■'•n -w ' jj" '"JJ* 

lLILLA Cijl£ JLafl '2j-u-a IjlSj! lLLIj OjI^» ^ ^ ' lillj (_$IS1>5 ^jCu .>:i-T («JL^. (jji 
j-uajjJI tilli J« i r . ' i J J .« «1 fiil j 4j^>-11I 4 < j j . ^ ^ . CjLi^SjUI jjji j_jjSJI 




5 a J«-c ^JiJIj .ALH 84001 t^i^l 



(jyic J ' LdLoJ ajj < 1 JJuJ Cijl^ J «1 iill «Lp> Jj^J 4jJLai>.| ^jl 

ijjloj^l 5l_[_>JI jU-a ii jj (jJ «ijf ijji 5Li_>JI «j-^ lUfl'i ij\ 

Cjj\S i 1 j " <Lt^j_^ ^1 ijji LsLu 4-.aj (i 1^ " I— Sjl-Aja »1 «iltll OjL^ jJaJz 
Ciin-r'i jja2 iJa:>JI (j i n-sJ j . Lu^^^ L^-^J-' j i SLlkU jJu^I cL-jj^LilLa 
(3^^! L)J-^ 0-° j<sJL_»JI (il aj| ^ J 4 SJI jj_a 1 1, i JJ— 5« t^aJI 

.ilalill 4jj Ml I II ^1 plagues 4lljf 

(JaL>iJ (jSLI i jUjjI CjI "i t_t ("i^"i il '(jjj Mitll oj-SJI CjI j ijt 1 1 ii!l sJa£. (J^Li. 

I JLj>.Ij tllt. ^1 4 ^ o t "U |_$L£La CjLuiIjJ CjjI . j <i "i i iiI ^Jj 1 ''^^ dil ij «II 
CjI o j i I I T ^ l Li ^U''ij I o j *^ 1 . (^^_4_d]l . .' ^j\_LlljLll r I J .' ^ ^ 

0^ iAjjLc jj£. CjI <ij iii-v L^I» Jjij . agglutinates cjllj^jia-^Lj SLmjJ.1 

l-djl UI I 1 u . ^Vl J» Al |Jl^j£[3 (_7^l <4jj 4_2JI 4jU_1II <:lj-^l (jisJLJ 4_J_lJl_£ 

" I j '■ ^ <"<ll a CjLLuji3.Vl ("i I iijj j2l . f°)^ \ 

ALH ^j_Li!l (jieJ>ll JjLaVI J-^t <lj lil'i j a jjt-i (^Kjj ^«ic L. ,a J.if 

i"i ir-i-fc^ LoJLic. J (3 " * ".' 4jjj/IjjJ LISjIjI (j7^ Sjj « i^ «LuiAJ». OLljl)) Jl^ < 84001 

(_yJI i(_piU^I j_lu<Ll4J i"i«ln^ Ajjsej^ ^Ijjli ijJj*.Lal\ CjLLulII 

lOLjjj^SLIl CjLj^ (_ytl riil CiIl'i -v i^L^ljjILa_« i rtMi^jj L4jjX. *jjia]l ^jl 
JjJj jill j-^a^aJI (jL^ .CjLi^SLII tfjuk iCijjSj i n ^c^^ I jjl Cjjjt .AjjLc ^>J-C. CjJLi 
jjc 4:>JiLlJI JJ I ii'vil <4^_i Ml JjiaJ ("Tiii'n 4j| JaLs^I (j^j .4<U^ jjc MjS i'Tiii'ill (_yJI 

iSji-j Sjitj^ i'i iimI «juk ij^ljJI (_y3 .«di-ljLi Laljj (^1 shock fractures cjLsjlo^I 

JL^ Cjljjj^l 4_LjJLc. jf ' ^ " «"' (^^iej -Ajl-iil d ilin jjjLnJLLs itiUj (jjs («-C.jJI (_yic,J 
CjIj^ (Ji-lj J I ml ^c^ilj t a aJiiLjojj |_gl£Lo j j .«jj-uiSJI «Juk j ^» ■ (Ji-lj tZiJ^^ 
jftlc JLj>JI 4.«_i_^laj IjjL^ . 1 j I "j I j " J'* JLjJLaj ^Ic. idljjj^^LIl 
Jjjvj (JjVj j' CjLjj_i». |_gj " JlS i«jJLaJI 5 J "fj^ll Sj V ir^ll 

4ilj CjLoM^ i^J-C <ttSc^Vs -I " j " Ulj OJ I 'l .1 j 'dp-^i 1^1^ '^W^ 

.((^Jj^i^ \jui iJ-4JlII (jr^ I iiili'il JLd^ LiUjJ '^J>^ (j^jljJJ ilaLuu 



^1 (■^)4jij(^yi j-aUIL Ujuijj , .l:;-U j^UJLL. Vjl .Ij.n^nJ 84001 

(j-a 4 _i r I t r'i (»3—3- iLLjji^ 4_2_l^JlII Jj li "r II «jJ^jJ» (_^l i4— ujj^ "fS UV! 

(>» beams ^-d-^JL»-^)" j-aL^I J-4-«jj .CjLij^ "<iyi 

jt iijUjj^^J^Uyi jLl£. djjL*j La aU^\l ^ ^ .4Jj«!l cjLij^l^SUyi 

jIjjjLj SEMs (^)3_a_uiUI '< lyt jjkL>J,l J < <1j .i-ajL^JI J>Li- Laj^j^ 

TEMs (^)4_t^jjJLI 4_tjj^pUyi jjkL>J,l i^lJu UJjj ijiajjJI cul^jj 'i<tyi 

(_^) oljjj^Jiijyi cjIjIjljjI Jj_toLflj (jjij .('I0I11II i5_Lflj ilLC iJiiLjj^'i^iyi 

Jojt-i^ll 'l CjLij^>J^yi i_3l >-»ilj -(5 - ■ ■■I 'J iajj^^J^VI jjkLsJll 

iSj g -^U j_jlajjJI (1>^>^ '(*-:i-^i>i' ^-jji>-^y' j-ikLsJll (_^) 5 J n 'l ml,! 

Aj.t « n jj inti tfjuk j-^laJJ ■ a i II gjj m micrOSCOpistS 

4j>.jJ i 'iili I 0()a i4-uj.uJI oLv^Jll ^ I gjlf Jj m ijl I ^lU >i ^j^Lu V i<-»ii'l 

.tfjUj «.J^ (j^L«J ;_gjJI (_g^>juaJI |»Ltlill 
^_,-IjJI 4 I ml— u! Ojj I «n I J Iri i 1 ^! Uj^-S I /1 1 » i'lj iLajjj jjjuJ^-^ 
j^lilVi ml ijji Zjj I--». (jJfcJ ib^^j^ _ (_)j/Lajj jl i?-i-».j ^^Vl ( ■ 1 1 i4jjlj^j^^l 

liiim'i'CI lij I ^11 al* iLLu^j .tunneling AjiiJIj ^-■■■IH A^jj^'^l^l j^LjJLI 

^^_3e_>JI (j-a 3j J « 1 >-> (JjL^J (J n'»- (j-A^ .«|»L»JlA^ 5j j "i a 4_LflLtisi i m^I^ 

j^j-ii jjrji^LJl (jji Iajj^j ^>^T!^ - L)-"^^_P «J Vi I iil I ALH 84001 

ijMJoVI tf^l^jJLI 4 -»■ iiiUlI 4_Ojjj_j£ljyi jjkLsJsl L?>3t tl 'n lili jj-^^^ 

(ly J^^ lS^ liLilS LijIjJLojjlj 1 (j «1 -y jjjj V Jj_«3Lflj 4jc(j (_yLc. SjjLflJlj 
(jjs t^3:L^I I jjk alcj .fl^^.»AJI Jaj^ ^ i-aVI Sjji^ «.>>■ 

j^j-a ^jjvLj i ii mi " ^Ij «1 ' ihMJ SjIjI (jiej^l jill ^^-«-sJl 

rims i_3lj^ CijL? La ij 1 .(_^L5j^ cjI i ciilj^ji^^l CjL^ - ■ I-* ^ (j! ^Ltia-iU 

(jJjLv tljjjoJI i_3lj.>JI Jja-J J-a ( I-JJ>5j Jj-utj J ^ J ' I CjI j Cib^SJI 

«ibj^l !il>>.Vl tfj^^il CjUjj^Ij .C^) jJjijVl 4SL»^ Jia itl injjl jLLJll 
4_u£. Cjlj^j_>_^ (jji »1 in J ill jisHI (j^SLli I aIu i jLjJLaJLi 4 jif. i_3lj^l (>« 



jjkL>J.I J5-U3 (Jii^ ^h! kJIiL^SI! 4_i_>.jL>JI l^Ij^I l^I^^I ■j:L j , ...:A |tj_| 
ojii;>.LJI Jlio! ,elongated 4ijjt:JI (^JlJI Ijj^ i^t^^UI 4aijj_pSUyi 

ijia^Lj ^' *J V* i j ' l-^J,^ Cr^'j lOVoids «(Jlil jirijjll» I (j .1^ 




7- ^ 01 M «II j^jt-iSI Hil j-'.ii^i , ,-i « W»^ (jUJI cliffs .Li(j[^_>JI« ajL» 



Ljj n^J 4jj^^V| LjLiJI .microfossils 4j^>.4>J.I cjIj;.^^! Jl£L<it 

JL>.i V "jSLpJI jLtfl -- 1^.1 1 1 j •,< /1 . jjf jj-^^ C^l^ (JliLj^ajjJI (jl I ju* 



(j^LSj 1 j fll t- -> ! J«_-yj Ijljs. j ' '^tl (j-o j-Lu eiiLj^ A inanofossils 

.(J^l jl Cjl^pjajjLill CjHaj 



'v 



\.. ^l^j^^j\^Cj\j^_jSJ\ J^CjUfS^L^iALH 84001 ^}^\ 



't!- 



L^_>.jL>. .j->.^^ i^jJLdJ^j JjJ CjLj^^I o liA J^b ^.11^ ,jjJI LiJJLj Jj-a 4 jj^-SL*-* Y • 'j 

* jJi-^^D \ • 'J O' jjru I j ^'t L^jla ^jl^Jij ij^_iia_cj JlSL*2.lj d j'ir tALH 84001 j'^' j ■«■^1 



Cjli ^«.a.^1 4lijx<aJI ^»1 1 n -w^l aIla ^jl CiL^jV J-»j Ljj ij^-(j^Lo^j '(jj ' ".' J T' J 

lO^lJI jlD (<J ropelike JU^L 5 m, II elliptical 5 j -»l_.uyi JK^Vl 

ijS^^ ^jj l-^'-^ I J, >-:»« < Jl£j .olj^j^5L!l JliLij.^ ^1 ^ fl "i n ^Ja^L) I (] 
i^Llll J AM J_) inn'H ^£>^ (Jtj-uJI Ijul (Jj I M i I II j .CjIjjj^SJI CjJjSu 




^ 3J3J>>jI,t ri^j in_i iH j»l ufa -w Vl j'-*-' ^jj^i tj^JD "^^^^O T'^V .-■U:;~ti ^^^^1 *jj ■ ^ ^ ' i>aA j ^l^l 
iieplica Ju^VI j^jjo a,^ III 'l ^ i_^'"sfl jJl^ ^^a iSjjj^l Cij^i llSJ . ALH 84001 j_>»jJI 
J g --t ' J ^ i4_ajLlall 7l ^ 1 1> 'l 1 1 aUA, ^'iir^tj j- > »,»Jt (j-^ <L->o^^ (2j-^ i_iJ\_S cr^J 

JL>o L i'i^Tt 1^ j (^-^^^ (LAjjj^'^j L^^tjf (^ d ' i 1 1 1 'l 3jL4j » J1 ^ ri— »>t m * (^j|^-xSJVI 
Jaji/j ^ j>j.^li ij SjJJt JjJo ijp-iy .OUjy-^Vl ^Ltjii J« jjiiil jt^iLa decomposition 



?ALH 84001 (fSitill j^t ^ S«|^|il iSlU#ljCll (ilbjl j*« ^ ||C 

Ijuk (jSU .iiu, (jjjMj i , o jjc^ ALH 84001 (^>^l j^*^' j-»-^- jJjj 

ij^iAIl ^^j^ iJ5.<u>J,( ijjUI! j l .^~t l laccretion ^lnil 4jUf (Jj>-flj cjLlj 

S<LLiji (_yjj_iLi j»| 'i '/ . jj^^Li iiuj! «LojJUl* CjI i i iij^ JjLoiLi CjljjJ^SJI 

"sLdJj 4ijJUJ LLSUj 

(jl Ls (Jj^ 2jL>. jj^l i~il I 1 ■ ..t i£L>-Ll.« Cl il^ ^fi) ■'J *» ' -^^1 

1^ aiiri liU p<j"i ^J^Ls (jj-t^w^j J -»JI L>J Jl^ liitjJ i(%jus\ eWj>. aJLuk 

L^^L*jl ^l^j l^jll-^" (_y£L3ej 4 t MiU SjjjVI ojuk 4jLii! 51 j'! i>i ciLiA^ 

1_^^^1>Z v .4_u3^_JI (j^a «j-^ 4jLa ^jji JL».lj tj-»- LtjJa^ -Jy^ *^ ^i>^ J-*-^ 

^ L^L^ jjl^ cjL-»^ ALH 84001 (^J^iJI >*^' lt^ Sj^^jII oL^I 

AV _ j»jjJ_j_i^jJI (j-a 4jLjiiI 4_Lu-us CjI J i ''J i i * _ ^j) j i iiLjj^l i • _ 
edj j j^Jujj . 4.dJj.laJI sJJt i3-.'^"'^ 4jaLLi5l Lxoj^ J^^J^ ijr^' - j^JJJ i'i 'jj"i ' "^Ij 
ajuk (j I IjJij i4 1/1 4_i_uj_:>ij 4 1^ mi a L^ij» Jj-ojj (_5-t^l-J >i.LuLojj ijmJj^ 

.((jjLuail 4^ukLLL4 Cjlj^Slil 
(jJ^— »-C (_yJJ (Jj^jjJI (_jJI CjL^^I j «1 f Ju I -»-"il tjl ~ Al" v a (jL^jl— "^-o Cjjf 

. 1(3 I (_yIlJI liJj^l ^LllJI i^J^I CjJJl^ ' ^"o .SJojjfcLa ij>.jjLi j^^llieji 
(j^U^lj V , 1 J'» 1 1 l-ikj.4^ ««(jjiijLui» 41»^ SjjjiuJLl ^«^iJLa» oj^Lajj i,^!^-* 
1^ ■ . ..I 'II 4 1 11 -»J1 aJuk " ■ ■■ 'a ijj^jl mil J ■ ^ Atl ^ " al " . .. I ^ . 4 'f I u 

jL;^! >Lfl iJU. (_yic.j • jjy.1 (jA^ «LjjJI 4jjIjli JLSLi! jj-^j j^j^ LaL»j 

j_fl_iJI JlI^ 4j ^1 I II "l't I _ i-»-J ;_5jj| jj_>JI jJlS ^JjJ (<k$ flLiLlJI ^ J i>i "'^t 

(j^I Jjl Mi'ijj (Jj-^ ' ^W^JJ l-i^l-*-9jJ ^f'^^—^^ 1-4^1 Jj ^1 iCjLa-l " H I iiVI (jr'l 

cryMj v , 1 J -r i _i j_ o _ t JI jjjl5j (jj jJI tlrSH?'>'>-i-?^' jls.1 j-Aj i Ash 



|jlcSlj?|^l*|-»lll 



Ljj^jj throwaway 4_jjL«^ ojj^ j U «UjII jjiVl ^jL^» «tlu 
.«[ ALH 84001 S-s^^il] J-LVJ 1 'l l"l QjJ 

iWadhwa Ijjlj i':i<LLi^ ^ Ijjk g- "i i" mi I j2j . i U S > il^, oii^ ^ »^'^ 

j^J iLugmair jjLa:>.jJ ^^^:>.J i^KjjIj JlLlS i (J-4JL) <Lij>. jJ^j:>. (^^J 

4j^jL,9<Jll ^jLlHI '"'t ' *> 4 J I II jULlt.« 4 «1 il j-^ Lkljj_«j Ltl rtT Ml '(_7^_^:!-^' 

^ , „jUl ^ Jj^Lsj iPicking microscope daaV j-^-aj» ^»lj.-V"iiiLij . jjjlsJI ^L:. 
cJj-c .JjjLjlLI 4_l^ L^L^j oLj^j^l 4jI j)? (j^aAJvj iiTiagnetic separator 
^ «-3-^ ^ ' J — "' U5^-yj iCjLj^j^JI residue ilL^ii ^»lj-a- jla i ir-i'i IjjIj 

j.^«_«JI JjJ-rsJ "" AV— J M l 1 ^, " r I i it l 4£jjl (jJi 4_j_»SLll ojLjk (jjj ji j jlU 

5 M.tl jjLjJJ-^J I j". ^ . u ^^^1 i(_y£,L»jiyi (JIt-'iH 4 j i ri"l ^^LlVl I ilL 

1 Ls 4-Ll^ j -1 ^ Jj J "il 4.2jjJaJI aJ-A I rti"^" CjLjj t i^ll i^_y>S^ '^J 

;j-4^ La J ' ^ ' iL^jl^ cLainJI J-*J>J jj! (-i-vj (_7jJI 5jU.I 4 l^i'i i^ill CjLi.«SLII 
(_yic (jiT "I "jj (>1j<-J • Laj(^ III ii_i jjl p(j jlr I I jJL cr-^' 4_ijjJiiII 

J «i"i t'i» 4jj^ 

Jj L) i'.T- "'l CjLj^j^^LII SjLja o ->■ jjf — jj jjl i 'ljl r .(JIjIj^jj^I 

5 - j'.', gii) (_yiJ| 5 ^ -^1 yjW jI^I jjij iMaskelynite c.jmKiiiU.1 

,.-.j:^lC,..lt,l J J f jjji cjlj^j£LII SjLo c<3f IjLs .cjLoLLuj^U 

^Ijjljj J 4_iJU-aJl CjLi^I J 7\\\ jjl .4j J-i-^ AJllm ij^JJ-lj ^ j <i f ^_i inji 

2\< 1 1 oJla . JjjLiLI j-uaJej L^JSLI iSjLu^ L^^LA>ij ^j! L»^ ^LJlU 4_S_l^j 

I»! i^LAj <i r Jlj J -r "i I LT^'] i^Lj^Jj-^l (jr^ J-* :^ljjJI ^^yl^. 5jj_>.j^ 

JjLJj ^ J-'^'-'J -«^^i^*^ i>> j>a Jj^j imodel-dependent ^j><»jJI 

.«LoLajI (jjj 4aJLlJI Mill (J5L>. Iju* 
jji! oljjj^^l CjLjj^ jL»£.l JijJuso I) jjl (jiiT 4j^j^I 4 Uiiil lj 

5-> M I jij .« LaLaj jL»£.! -l^^i ^ 4Sj(i -«Jl . ir^H jJL 

i-.a j jjj) 3 SjIjI j 'i ^JjJll J I II iOLj^j_>SLII t1 Ijjlj jjjLj 



iiiilj .Cj^^I \jJt (_yjs jj>Jll ^1 ^ a CjjL^ mtl uLjJll (ji Iri i 'o 

iJijLj_jjj£LI1 oLj^ jLfccl jj^iAj (j! LLo iy\ inirt-r~\\ jjlc- ^ - " i j" I iij JiSj . «Lliil cryi^ 
j>J .Ji^^il '6^1 j:!-^ c>J ALH 84001 (/i-^l >.:>^l 



ALH u^yjLjJ\ j.aj>JI LgjjIL^j SJj^l (jjo -j -» "^j I .IjU.uNI jjjt_a jjk (jl^ 

(jj-i-ujj->- j-^>-« tj j)" -w LiJI (_yJjl 'jHi>''' «Ujjls 5Llj>. (ji^ 84001 

magnetic minerals ajr.ijUUjll jjjUil ^yi 

(J^ 1. ^ MT- " i 1 . 1 ,1. 1 lO li i a «4 _! I rijUI i« a Jji»-» (j-a (jjljLl,l jjijjj . sultur C.ij^.jSLII 
0\ (jSL<u La Lal .^j>U t_,,„jULLiLll JL?^ 

Jila (j jj.iaa:>JL I L^jjlj - 4 fi_iri ->JI ^^-S i;^jLiU 4jjkjLa jLii-L^ J^ViJ 

o " 'l_)-^J^' (jr^ ^1 J ''^^i-^-^ UoLuI jjl _ o-aj-II i>a jj_jj_lx. jj^ 

.UUitll ^L^Vl 

tja^aSu (J jJI iterritin jjryj^l (^j-^-^-o-j L-Loj^ ^A^>^ Lj^jr^S^-iJl ojuk jj-* -^j-uJI 

ji 

liILLaj .core 41! jujLaJl tijijj 
l—ajj ttj^ja:., ui.^Vlj juj^^l ° 'magnetite r.j ' j :-^m L-al 

.c^cjj-iSUIj jjjLaJI iS^\ igreigite c.j-yj^^l 

l^j-Jul^ j-:<Lj>Jli i2jU^£^I i^Ljj^ (j^ <-i n MM^I 4 j ...jt-.! iUI (jjLiJLI j 

4lLla 4_LiSjj 4jJk; (jjJl) pyrrohotitc cujjj-uJIj iL^u_Lb.UI ^ lALH 84001 



Tl 



ijjjIUis-ULa ; LnjUojjj '-^i^>o i JljJL>JI ' j ■■■ n'.j -yj^^lj i JjJu>JI 

.(jJUlll (jJJ^ JjJl:»JI Jjo 

L^lSLi! 4_LJi3j '.IjJL-a^Li O'j 1 s ^ ,ALH 84001 ^-h^^ cr^ 

^ Jui-C (5 jJI ^LsB_uaJI j^JJ,! 1^ , Ljj j'< iII i (j -r 'i i"i liilj Jl^ 3_Ljv^ 

(_yC.l-DH jijjl iC^jJI jjo^ j-j» (l>SLIj . ^ )d]K Ml tl Lsjj JIj oj^ cr^'W J>-^' 

.(([^j^l "^-^al «Lp- Jj^J (.yi^. JLx>- (J:iJ-^ ^-^jlP 
jL^l j! ii-ij "i -^J-'-»<Jt Ji_j_4jL^t J_>.l lj^_jJiSLjJI jjj-aj LoJlLc 

^ " J ■< Ijjul jj-u L^jl-s '<-:j-j^aEjj^l jl Cijj^^-jjJI Jj-A jljju>JI olju-iLu 
Polytechnic ij^^^lSiJI cr^ «Wjr)-*^' jllj-u! >*j iFrankel JjSjI ^ 

Jlj^ .«A_JJ J3j^_>JI liij^^ J_s^ A? JLaSUI jJ_u <lj_»-lj ljjj^^SLi_« 
(jjj.'SLj.o ^. L t- jU llill O-i'-*!! j>J ir" i.i"! lj;-i"'vjtl ^l^t j < J^is 

«JULI J ■ "'t 4 1,11 li'i C*2jJl <^ i4_»dOj-jJI Jj-*-* i^t I JL^Ij 

.ALH 84001 ij^ji^^ jlaLIj h^jiII ^1 cy> ^^U^t 



^ j_puju i4_ujL>JI iLLui^ ,,.S?I tfL>ol 4ij_(L^ Ijj 

jjLi tiiljJj ivertical chemical stratification SjM iiLL-a <U3 (Jlt 

4j3j "tjSLoj Vj - 4_»jjLja tfLyj ■ ■■ ■ (_jjJI j_)^l^iJI Jj-« L^Ji^J •"'■di^! ^Ljao 

jj -».11 jllS ^jl^. tLojJI J^f orientation tljujkVI (.dtUj 



3jLcl I n a tl <^> liU i II jSj^ «^jLjljOJ 1 1 J n_0 1 ilU 1 ALH 84001 

(jjLm jjt;^) biomineralogist u^jlj^ (^'j^ >4j 'Vali ^La 4iJI 4.aj> 

(Jj'T^ a 4jLaL>. J.4JLjj 1 jJ^I ^1^1 ^<Lx>JI CjLijlSLIl I j ~ (_^\ 

<-.!<■ n "1 (_yiJI 3 in liViU Sjlj^l cjLvjj i iiiij .(IjlLS') JIj^j^ McGill 

Jj>.| (JS ;_gj) "1 L^jj -Lj>.J LT*-*- cr^Lfl j_)jukjjl iCjLjjj^SJI (JLjLj^ L&JlIa, 

O-Ljj^ J 1 11 I JLjJLjJI CjIi> j lilin dJJj-Sj ""'J "' ■! ''>m >-*J I JbJ_»JI JL_i_uiL^t 
£^ jj'i^ll^ '.4_pJI <LaJajVI Ltjt L&jLao (jl i'l X « ii) (Jj-2j3 .Cij.%j^j>Jlj 

LaJuA, (j^J • JLijL>JI Ijiil I iij JbjL^I i>jiii*>i ^ ^lij 

. (1 4 t ii"j^ ^j'j-^ '^'J-^ -^>^J U^>^ ^ I I Ir VI fjlc I n j 'l'o 1 Ljljo I «i i»..l -«.'i 
1 1 J 1 I ii'i A i'r\fi Tr ia Sjlj^ CjL>.jJ JlI£, CiJ^S^j CjIj^j^SLII C<jL^ IjLa i^LllLjJ 
(JS Jj-:>-J J J I II ii"t (jl Sv .a j 4jj t mW (jJl 4jL3 itfj^Lajj i-djjLajj ^_ylJJS ^"iTi ml 
^1 4iU»yL.j .«LuijVl 4j^j*1JI jjjs ,_)j/Uul JbjLsJI Juniu/j jL;Jl>JI i >j i ii*>t 
_ SLuaniejja pH tL&Li (jlc iJlilj^j^^l jjjj ^^jJI J^i>iJll i^J^ 'J" tjJLa Jji iiillj 
Ju-oL-uj Cm" ji'*-Lll (jl^^ - 4jJo^a A Jl ^j-^ I j ■ ' * ^aljji ^jfj " ■ ■■ ^ -^^^^J ^ n ^ * 
jl i(_,i^Mi->- jjjl (Jjl-r a <lxjjjjo tL&Li I" I iij JLjJl>JI 
^ 5j aUiU JLjJl>JI UiiliiiJ JbjL>JI .1 j 1 n'?! ol n 1 -»■ i-Sl in'^l jjLs iIjiSLaj 
(jjjSLl! <LjjV 3jl_>.Ij : (j'U_aJb_ie_a (j>"i 'j j t Jj-^J j j i"i_i iJljLjjj^SLll iJljLj^.^ 

jj^j jjLs iiiilj (_pi LsLl^VIj .4 j iiijULjJll (j^mi ^Liiy 5j_».Ijj lolj^j^l 



i_3l 1^1 I o ■v ! i4 _ i I n jU LulII ijjL«JLI jjjo (ji^^ 

j^^l^, Sj <U j . L^JuJ Saj^jII i^^j-a}\ (jjo 5j1 n" I ii^U d lil'i -^.U CjLLlJI 

Ij_^_ijSLjJI (j-La- I II ^Vl 4 'i J j J 1 h li "1 's t < JUiil Jj 1 m 

(CjljjJ^^I <l_li OijjSi ijlSLo Jj 1 4 I II fi'i ijl^t JLjJl^I i t Jiil i iiJ c rj'ji-w ULl 

ljl jl i"if Lij .(JjjJaJI I JlA (j^ Cjj^ Jl^ CjLuKJI (j! (Ji^'^ '-'■^3^ 

CjL^ cdill 5 j il /1 ^ J ■ ■■ J '« ^ (j-^^ * * ^ 3 '^J Lj^ J ill 

j^yi (jjj^jll JbJjsJI JuiLuj JLiJjsJI J - iil i 'C V ^^^^aJI JaoVl (jLs iCjlj^j^l 

. LjU: r, jij ^ «ut i>a ^jJI <Vj.5j^ jjuj ALH 84001 j^^^l 
Lujj—o-JL^ 'j «l' (j^>lj J > >*i iKirschvink diu—a-iij—L^ (Jujj-^ J>^ 
«ul» ALH 84001 cA^I c.ii.';,-,<l ,^1 ^LlUl X^'^)lL^ji^^ 

JllS (_yic, Cijl^ ^ijitjjJll 5j ■> mil jjjo f l3_>.f] ij! Li^t (_yi»J v 3^ 'ViK- 

.<(i_$jl£, ^^j^ UlSLa ^jjJll (jl^ L»jj . 5Ll>JI 

(_yJL3 i_3j-»Jj 4_jjj|^pSLiyi jjkL>J>Li lili ^Llj ^ inl I 4 n j "^^l 

(jL^ ljl I 1 ^ ■» (j^sl I ii"n d^jLl^j '(l>i-^J-^"3^' ' " '* ^ '^ [jJ-i J t t l 

(XL!j .'l i'i l a J^-^ ~13 • (Jj>-^l-J 1 Jni "iiklj J.4_seJ (^^-1x11 j.a_>JI Ijuk 
l_yjji l_ujj-fl_Lll-^ «UuaL*. i^_ya j j , ^ 1 1 Schopf i_3j_(i Jjj Lulla» 4jj^ 
Ijjlj Jl^j .4 «11 J iill 51 J ■«■II CjLfl^Lc 1^ 4 -y -»■ '.5jiaj fLSJV ^^L>iji 

ji^ structures J3-^^ 4 j i i<^ j jjJi i 4 < ) n_i (j! (jSL«j Lj^ji-lj ii_3j_<ii 

5 u 1 1 A »11 jl^l jLj>ij (jt I ir-»_il I ijlr (jL^ •*tH*' '^LijL^ I g" <il-». (jj^ 

ijC I jJbe_u (j! dJLiifc (j'Co.LiJI (jLS isl i>i lili (j^jjijj». J^J^ (2rjLaL«JI 

(_^L^ (jL^)i i'lj'tLajj Jj-2j .d-j j) i>i « I I cjLxj}.j>JI i-sI i m " 'd *l j j 
iijjL>.I llILLa (jjSLLftj ' -D-J " 'l" ' " '*-*^l-^ L^Vl i^'il ^Ijjjj^ _ (jjiLapj 
c-L-i-jK jiiij Zare jij jjLAjjj ^ JaaJI Ljfjij I jJ .cjIj nn l i'I lj SJ-^Vl 

.,<\\\o ^LtJI Clemett 



ALH 84001 ^1 qrf id^iati) iiLSjk^ ULii^i jf j jmi^ 

^Luj>.^l 3^|jj j^JJi *L_L4J^ ^ i^'^ -^b >*i 'j'j j^-'^Ad 

.(_^ •^j—^ 4 I a>l jX\ a U< ... iNational Science Board ^^-iJo^i 

Jjj-»1) I II ji \ inl.1 i(NSF) 4jjls^l 4 I II I iijj, I «LijiLijji i^x<ajj 

(jjLkjf) Jl^>\ a 4_uJ^ jij jjj .SjL-jtal,! ob'ifjJI LT*^' lioe-JI 

JjUkJI iHerschbach ^ ; -'j j *■ tP-sj-i >*J ">bj) "^-'l^ «LIlL^j iliU 




jIj J I ''i->^ 4 .3>^->> t(jtiiijTI i^l) Clemett i " i.i,». j 1^ n j , 1.113 i(tjry*jJt ^^|) Zare j\j jjLiluLj) jj-* iL3 
L4.IJJJJ jjj^ ALH 84001 eS^' <j-9 CiU^j^I JiLi^ .-i^jj Jji*J 



postdoctoral fellow «Ij^J^aJ! juu J_ijij_S LaLc jij ^ ■"-^a n^jj-ijiJlj 

(J I ii^^-uuLi-uLa ' ^« " f.[jLA^M t J-fcl I II o IjII iiit (1;^ ^ ijjlj^^ 4_«^L>' 

(J n" I ilj) M~)LmLa 'j»" (_yfl 1 aI .u a j j .'.i 4 « , n' J^L>.J .(MIT) I ^ --jt jlC'tl 

^UL>.1 i"i k» jIj . 4_»^ ^)_iC. Sj.^ (J i ^ U 4lj<i"i(iia (_p5j_«j iLx».^jjSiiI 

^jU" I n ! ^ ijr^l oiLl J-^ Cii*^ .fcb) J lili CjWI j j " ■>J. (J>.JLji 

i jJLsJI 4 i.Lii'tJLj I J-j->- (jL^ i»t J n j^ll ^ ■ u'^ J , M.TE-a i_$j-ui ^^1 1 ~" ■ ..t 
?jL_uaj v (jjdl 1,1 lif-itl J>iL_»j! jjl (_ylc (jL^ ijiJ K IMI -Wlj i^L_»-lII J 
j_yL>ol jjLi (j-bej-ciJia iijjSLju iJSUI , ijn r c.^-^jj .stainless steel 

(jLi JLljjjlII Cjj-i>.t I Oi X if . » (jj JL2^ • I J J I i n ^■t-^-J (^>S!j j«J jIj A)SL3 .(ij I in\[j 

Lt^J .jjIj^j^ «UljcL». i_yl\ «L>.jjiJ Lc>.^j i^'ill (J n" < iij-ouL-uLa t^t a (j^^jj 
j»t jJtLi^L (^jji (jij jjr^ r.l ir^T'^ id "iSa ^jlil ii"i iit CAiraj i(_yJLl!l 

0jub cluL^ . I iilW a cA^JJ J-^' ^ I K^Lj—tAtl ^ • CjWI ^ i " a 

^,ii "r < . i i j L i ,i "' L-mL- a >^ ^ t a »1 j a 11 p i n ^ CaJj ^ > J — 2-2 t^^y^i^^— aL » — a 
frL) _i riil ^ I ii"^ ^Li Lajuuj .jjIj^^ <L»-«Laj tL^ j <ill ^ i <i LLa-jJjX"ill 

. I J I ^ <tjuLxLj frl_Laj^,U I^LsL^ I jLluil jIj ^ 1 1 1^ I I Juu (^^^<(JiJI 
2ui2j J^lst Cjj£» Lujj^j^ 4_«jaL>. Ai'rt a\ jJI oS^I jIj j^IlJJ 

jjls (.rAi d jllj a J^ll Ci^LcLdjJt ^1 JJ 4lj!i ^IjIj a^ ^^-»-■^1 3jLi JL». 

i >-9 Jj^ d-La uijfju jJl oLSUI jjk (jL^ . gaseous phase JujLiJI dia^jJLI 
^1 5.y,rill .«('^)i^j3_fUI (jjLUL^^^l <_p,LLiJI ^L*j! 

jIj ^ 1 ■ ■■ 1 ^ ^VY j»ljtll j_yjsj . frl_L4_iSLJIj dbjjjjJI ^«JliL (_yfl d'j j .'i. jIj t .1,1 ii*>"i,,i< 
5 jjtjil cjLjV jil (_yj_^jLll jJjvLjjJ! (_yJI JLijj^ J-*-* u^>*^ ijL*Jlij<"i?Lj 4 ■ n <i i 1 

1 'Ll I Oj^j>-^.^ 1 II I I- 1 1 n i a jjVI (JjLuj i''ij->. — .Sj^-ajlHjji eL*^L>. (_yJI— 

jIj J I "■ " ^a^lj 4£l^Lja ii^^t (^^^.ju i^ljk ^ i^V a ^^uluJj^ i&Li-4jSLU JiJ) jl^ 

U Ji.lj cjLi$>JLI dJLliAJI oLl*SJI JAso (j^."i.-Wj (^jJI .Zarelab 

4 M «II (_ylc. 4 « OI? tjj "i -wL-JI (Ji-loJ j ijji ^J-JJ - 1 j I II t, ijtJJ 

(jjcj» iJj-Sj .4.^JU SjJ-sta (jJoLLa d^^Uol (_yfl <jj) .' ' ""'J 1-* U3-"J"^'i5 




. « Ijj f I V a 3^ 4 Uni «JlA i4jjLix-i^1 Cj^ ^ i' i t l J>i^' 4jLjjii ^-^ ' --" ■ n'i 

jij ^ (J-«-C (_yjLliaj^ Lil£. CjLo/IjJ i_JLIo J^J t Cn n jK (jj ) a J i " Jj_3j 

dillu .«frlj «ijT (jjj *Ll*-i^ L^I» ALH 84001 4jj,|jj 

(:lj_>.yi ^LjjI JuC 1 L^jJj ^LiJIjj i4_LijLjl (jjjI i_u. :»i . "" aju* 4 j'cii" jj} 

I 'Ij r J-'-i^ 'ij J I (J-uaAj <Li£i^_uJI jljt:>.Vlj 1 o*!^ o Ci.-r- tir>\)> (J.^^ 

^jjj 4jl JLaj .(^'^) 4 j' i III 5jL>.l J^Li- Jj j nt l 'i I II 4_«^L>. 
jjjfl J-"J L^j^ >-i^j J-*-^ <LjLi ^'j ■ ^? Uli mil <dlL±M Lojucj i4_i!Sj_uJil 
ajui 4jc l,^l^r n jJI La : <L-llt m i(_yJ^_Lia_3 Lili j J t m iIj . »1 i>\ a\\ 

jiti jlsta-Vl JLat^a S^-^jii i." i _i i n "i^t j-aVt 4jL^ cr^J 1 1 j" i nljJb 
(j^ jl I i\\ CjLljj^ 4_<jj)jjLj «Lj^Uaj 4j^Laj ^ jij j»L^ iSj, j ■•i.Vl CjIj i i nll 
iSjLjJ^jji (jlsjVl (j-l^- J 1 a '"i ^«.a=_>JI 5,Li,,'i, iX 11^ i"i (jr'^J '(''^ " )(_yJ-^3SUI 

CjLcLdJjl j-jiaj (j^l O"'" T-'tl CjIjjLLs jjI «L^jJ iSjjJuii 5jlj_iuj 

^1 42jJIj q\ • sticky 4i>.jJ ^^IjVnnLj I g » a (jl LgjSLaj 4jJI^ 

(J a Mil iii4jjbJL^ 4j>.jJlj 1-> . -» «J 4X4^ (Jl of Ij j^J-iaJ (>=^J LiOL^j! (_):>' i^i ni 
.C'^MSjLiiLii ij « ■ ^LljJI 4jjL2_/OJ iCjI Juiil (3j-^jJI JojjLbJI JoLijJl 
(_,lj ir-iii"!l (J-a^il I lir t (jl («^j (_yi^ niAJ ju (j^jLoJI jjSi jJk (J_J^ O' (J^J-'Aii 

jIj 4_ia iiij i^jJ! u-ij ajK (^jlj (^ ^«3 jl2 ALH 84001 <^ 
(j;j!L^l_LJI (>a (jdiit (^j 4_al_^yLi .Jua^l Iju* (^ «c>'" ^yJI s^!iUI 
jjKj Chillier j-jL-jr*^ >li>. LaJkj ioIj^jS^jJI juu La SJLaj (_jic (ji±u3L>JI 

.Maechling ^ilr'lHa 

i-1-La..jK (jj a J 1 11 1 Ij^ M^— (jjiLajj cJL<ajl Lajuc 1 ) ^^0 ^LlII (J^istjj 

(jl -vL |_$JlJ (jl-^ i»l in li 11 (jj 1 11 1 j_^^_a CjI ij r ^ ^«j (J jl-*« t 4jLa Cj-Aiaj 
(jisjVI jlj[3 Jjl t j_to_3EJ 4JSj_»Jll (jja ^ J I ^ J-*-^ Jt lillj jIj J J "1 -V a 

(jjj jl I «11 cjLjj).^ (^^ ja^jLjtjt J>L^ (j^ extraterrestrial (jrjj-tisjIMJI 
' '■l a. -> - lunconscious bias ^lj>Ul j-jitiil (j£. (Jj-belJI I jmJJj .(_yi^jSJI 



» 




i_<S^ jijej ^LLuc blanks «Lsj^ o-^* .'^^ Ijllac! i(_;^Ut 

4JLujJ.I "JjLL_uL!) .«UjIjJljJ l.tj ->■ Ijl I 'l ^1 Ijuk a"rA!>U^_i!i n 

.ALH 84001 (^J^l 

4jj jlrt'll cijIjin'iH (jiJiL^ .iJujiJI «i-jjlJ (jj-^ 6-« ALH 84001 (^>jJi >*-=>JI 

(<ki.j (Jf>-Jljt J-^*->- 4 J Ml J Ml I jui .j-u->.U Ji-I J UaiJI 

jjjlii'lj .4 ij «II j^LaXI (jjto^LlJI ^1^1 (J^ jIj J J ~i V a Cjl j< Cij 

«Lul 5jL3t3- <_J^lj CjI ij <ll jIj J-^J '(1)^^'*^ J"''^ ^ .-->al J lijjjilj j U'L 

J' 

JL«_«9 ijl 11 h V <i O^Jl)-^ o^'-*-^ i-M-'v ivacuum chamber 

(_ya Cjljjjjatli 4 lih^ll ^l^Vl I h i'ii^ I ^"'^«IJ Cjljiai- iJm 4jl<ir JM j" . ..V 

1.1 J t i t>AX\ i^A 4j1 ■» m Jj^l J!>-i^' ^1 t LU djJu ■ 4 M r JSLj jjisj-o 
OUj Ja^lj LljLii>-><JI claSS LajjLO (jjLiiJI j3^' ^Lt-Jii I - i4 n.t.11 

t>j«ja I U 01 JJlC I II ^ tlrJ^I-^JI C7d>^^' (J'-^**^' 0^ Lft-ui i4jl I gtl 
JlSJ •4jj_*J (jrjLill ^L«_i |»U (^jJl cJLu^l liilj j>4-us oLjj)-3JI 

jJjisBjJI 1^ 4jjjLja c-ijJLmV LiJ,Lc Ij.^^ jIj J t 'l 'f a (jjj 4 jiii'ill aJJt CiU 'v- 
^1 u « I iij I g T- 'n ts-'JI 4jjjiaJL jIj 4i^i3 4jjLLa I i X .^ijoj^ll 

^1 SjUI i-iLj^l 

jl ^^Jj^l JiU i JttS^ jL>.lj LLjii. tltilJ jjoim il^U-rj iL^LjVl ojjk (j^J 
Jla i<jj-" Ujjj f"^?^ (j-* >-3LtlVI jIjLcI L. i m-»»" tiilj JJ-JJ .i_ajAiiJ| 



4jl3j »1ijl>jj .infrared laser *lj_c>JI jjj ijuiVl j3_J L^jk. uj>^>i-ui 

Cjjjji-I (_y^J_uJI jje-aJI 4.SlaXa (Ji-lj Ij Ijl T-ntI j3-il^l d)-» J^J^^' 'j-* (j^ 

3jT-iiiii:j!l 4juiVl cjjfj .4li^ilil SjUI ^sej i ultraviolet radiation ^-.i 
3 J -r i.i lirjil 3-»-ijiV| ...U, ,u« ijjjlo . ionization (jjLlIl ^u^ii (-fljju 

(_5j_«J (jA^lj iS-ilLiJI 4i>.jJLl (jJI jij ^ i"i -r a (jj/^ (Jiil L&jjc .iIjLjj_>JiSLIVI (jji 

Ji-lj VLt^ jIj j-pj" (iih^ .iiJLiJI 4L>.^I i-sljukt 

SjjtjJI l^l^^J^ij .ilAjua luLtj^ SjjtUI CjIjj}^! accelerates 

4 -^.U ^1 (jrU (jj^ A'ill jIj J I "i V a i^Lij J Ali dUj ici jll ^jLJll 

(jja 1 ^ III li I iiliaJl «IjLflJ CjLij^.»Jl (j^a (_j-alj • l-^jjj (jj/Lud (_ylc oLjjj-jJl 

(jji ^|j-i-"t f "n i_iLlj^>JI (J t -rj (_5ijJI «LiJtAi <_i.,i I iilij .(^,jj_^SLII (JL>JLI 
cjLjj)^! c4>j>a jLii iA m li't energy input iSLUJI Jj^jua (_yiJI j»jLflJI 

jJLt c-il m'». (Jj>Io O^J .«(jLn iiill (jj J I t J Lajlj i-sLajJLi tSl j -sll lijjLseJ 
L- il I II (jJ" j'j t3i>-^ (1>^^ '^^t^ 4 'n I l' o <ilaj\ ,_y3 iijJu>Ji CjLal.lUi^VI 

species Laj^^ il^SJI oi^i^j .5jjL*-a ili^ JSL! cjLlij^l jjui 

.CjI h-*il <^A.i.uAijJI 4juIiVI J^f] Cr^^ '~^^i>?^^ ' ^ '■ ■ ^ (J>'l-3 

(jjD i L£lLli^ (jV 4ial I II J 1 'P j J J ■ ■■ A'. 5 ij . , ^ tl ^ ^« 1 p J J "^^j" 

(j-a (j iX»l l (jyl^J ■ 4 J i>>j^l jj V I n II i.ilf I (jji Sj—uLus 4tU^ (jr^ ^^^i)-*^' 



''''"'J>.U ' - '^>^>? ' J 1 ''-^il j-j-ij L<uSj.PAHs oI-kJI 

(»a^l uj : -1 ' J j'^ JILj (^Ij .(oLdWI Sjuj-c) hexagonal ^lliL^Vl 
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.3LLi»(auJI la^i"'-.' -^»1 1»^ jisp^ij u'"^'^ i>" iji^ maphthalene 




oljj J — iring 4 — LLv j^^j)_lJI ^ o_uJI (j^jj^l cijijj tjl 

Cl (i J I I I (_pJI 5,, U » ii i J I j»LjVl «JlA (j^j .4^Lu Jjj («^j» ( fl g 'tj <4_aL>. 

4 III rt") cbjj (jLS Cooper -o^ • I Ij.„>i1'i'v ml Lul j oj^ 

J I i" f Lij . Lj»jj_3 4^jIjlj9 JM->- tjj» lili j^Lj ijjis 1-^^ LdJii 
oLjJj^) Annalen der Chemie ijjUVl 4l>J.I jj>j^ u-^j cr'j^-i^ u? 

i_aj_(tl!l i^^^ (jjJI CjLoLkJI Sjujlc 4_uLojjVI cjU^j^jj. > j ^ 1 1 (_$jIL>ij 
oLSia. j-ij! Jj>Lj ALH 84001 ^/j-^l j-^*^' J^l-» I d jlf 

5jij^j_A j-j-c. (jJkj tPAHs cjLdL>J( Sjujlj:. «LuLjsjjVI ciiU^^^jjj j gll 

J"i a iL^ILso t Mi i't I ji<t il a 1,1 li'i 4_i_»JI oLIjLSLJI I jt^l"' 

I jj 4_i^jL>JI SLaoiaJl (j-Lc J tljjjJI SjUI ^JlA jjLs i(«je_aJ( 

S Jji I f 4__ijL^jjV| i'il'.j ji^ ^jj 1 ^ j n 1 4 < J Ml a (jj^ t4jj^l3 3jJL ^ "j jt^ 

CjU^j^J^i IjgtI uflLSu^l (jl^ ttillj j^ji^. \jj)irtna (jL^jJj .i(Cjl iil-sti 

ALH 8^01 >*^l Ji-lj ol nl^tl Sjujlc 4j2LojjV| 

ij2>SL!j . 1 CjI a !■> a LasIjj C.<^_P L-^jlj SLl^ AJ^J 

Jij^j J_«J (j! JL^V ^SUj >1_3 :t£iIjL^ ^jjojj j-^Vl ij] LoUj jL^jJLl (ja.> 
'.5l_Lj>JI (j-Lc M-jJj tZiLaL>JI 5jbJ_c. 4_uLjajjVl .-»1 <jj i j jtl 

jbta-Vlj iinterstellar space j»>ati!l tiru »1 i>>iill Jla iSL^I (^yu ^iiej L^t 



oljl Jij . |»U:L»iU 5jl3j U ijl-a 'ALH 84001 J^y^\ 

lOb^iJI Ji-I J '. L^jL>- ^ Ljjc. cjLj^j^>SLII cjL^ Ji-lj ^j'i'Cj I^j^ jj 

.CjLj^SLU «LuajjJtj f I 'J ' "it (j< .1 /-» I ^ ■> 1 1 4_43e_U3 oLj-^SL) 

cuLj^j^jjjjLo^l spatial correlation (j;j.Ji>JI iLLjjVI ojIj LoJuo) 

(jf lyLc : J>-^l (jilt ->• tCjLjjJjillj Cjj nl->JI 5jjji_c «LojL^jjjVl 
>LdJj <1|JL>. La J ir J .4_L^I JuuaJll (_>.^uu [^^1>!>I (j-^^ 4-<UuLfl SLjjv Jl g" -wl j 

.«(Jjj*!] l_^Jxa (jj'vji II ^^jji^l Ijuk (jl .Si Ij« . II iiVi». (j"iijr ! 

jO-nJ ^1 T o' i 11 .1VI J^L jjL$ jij (jl (_yic JL^ ijfAj 

:4Jj_ii di! j jIj "jij .I.*-! -y 1II J niM (_,"!-»■ anonymity 5 jl a ;tl 1 m 'i 

Jl^J .(jj III j_i 'V CjJ^^Ij (^l^ > jiijJ (_jJI ^ i \j j-f-^ - (jj'Lojj (_yJ] C<J 

^1 <Ll!L2^ I^^AJl^J i j l'i'lW ... a OJJ-OjLLuiJ j j ?^ ^ (j'l t, "l^j , f t .'-^ Alt 

^1 1 ffVi I II LijJ olilj i(_)j^l i'i jjjJLLj cJ-usjI» iJ^-Sj .«(jjijjLij<» 4jL3e.^ 
Jl^j . LaIjI ■^I. ujj i iiI (j^J i<Lu^L>^ 4 * "^^^^^ ^LlL>o '\ g d ^ j^"*. 1 ) 

1« joJI ij^a:>.ljJ,l i^Lv JliJ <5ji3.|jil 4jLu:. ^ J^jdLi Wmi^ Llj! 

jlj lillj ^j-JJ • *LijVl C^jjjjiJ i^iiUiiir I j^ji jLJjLaaJLj iL<iJi Juuj 
4_uio^l 4_i«i_oL^Vl (_ )i i l -^ Jl \jj^yA J C I.K)) :(jL$ 1 (j -v. (JjiJ (jjj (j^ 

, „ A I (JjuiL>JI) (j\jjVI »i I ir a . ^jii" I iiJ i'riLmLa (^^)|»jl*iJ 

(jja I ' I < n" I II I j 1 Jijij^ojlli^ (_^l IjLjLc ^^^ia 
(JjL-ujJI i-iiUj .«5JU>JI SjjIJJUI ^jj-u-ijtj^JI CjULSJLI (>a 4liiitiii (^1 (^r^^^ 
(_yJLlII (^ (j UiM ilj jIj J jUj (j? (j.^ «Ut ajLijo ^>-iitJ l^->-_jl 

a\ , .,1 , ,. i. 11 iiiij i^jj Jl i ii r (^^1 Tr i^ll j.j4jJJLI j j ">J 



ikS^jjJLI jjjo l «j«> . 1 i. ,11,1 LljLi Jjilt j^jJctluiJ (j^)» : J»l f ii"''^ <(j^L a- i ^ ^-J I ^^^JJLt 

J J 'i^ 1 1 ijsijjj .J^jLa «u! (*^J J JJ>JJ (ji>^' Lsr^ 4. 1 «i T i .if: o 

LajJubS .SjLJjLjt- dlUK» o j\ 3jLlJL>> O Ij j I II rl"l f.^J^ ^jh (_7^lj J i"l 

_ j j > iiL i "n , a tji>-J • (jlj ij^ ' ^ i- o -i U ^^jj-ii^ 

(jjl'i ,iio^ 4_u3LiJI 4, J I ,..;ll S-J»^ L^^Lii («UlJLi ijlllj) 

.(( LajSjlwsj ji jjj/LiiJ jSL«j (jl JjS (jLftjj (_yJI 4i^L*j ojlS 

j_%_>JI (jja o\ a'i t u 1.1 4l i>JlU ^LXiJI cLIAj.! (jl (^,1^ <tl «II (j "i j 

J-oU US" I jl 4_il£. Jj.i^-JI (_yJl (jJumu (jt L» lU; i^ILi ^ ALH 84001 

(j^j^LiJI (_jlf (ji«"j I II .4jjVI ^ jjb (j^ <«JoL3 CjL>.1"'u.i i/ i (^I Jj^jjJl (_yj3 

' ^ d ■'j'y-'J ilg'f jijj iL&jL*cl IjJjLa-j CjU^jj^JI iJliL^ Ij m -r^ (jj-^^ 

(jj^jj^ iS^jLaJI 4ljlii11 olj i i iill JiLi. j4Jkjj.^j». I j-ocLtiaj (j! < LgjjSj ^Jjl JJJ 
4^j_« SLp» (J^l L-al Mi'^l (jjSo (ji |j^..«u La _ ^\ _ CjUj^ 4.ju3^ (*^-^ u' 

, Ij n'i 1 .1 a ajJLs^j La ^}y>- (JjlsJI (Jl^j i n iIjlA ^glor fLulj .(_p5j"i/l 
L»jj 4jl (^1 ^>;Liij >LiJj (j;JajLLu^ cLJc 4jMj 

(( ,u >*j lEETA 79001 <ji>-l ,_yjej^ tj»^,^ ct^ 5Li>- LfJLuk c^jl^ 
. SNC a^>-u]l jL»^5>U t>4>ll iJ^Vl 5 j.oii (_j^ Ji^MI J>13I 4J (jl^ (^jJI 
EETA ,>3-;^JI >^»^l j .'L^ .ALH 84001 (^J^l o-SLt Julj 

4Jjj/ i_iJl "\ * • ^aej ihi^ <j( La^ iJaifl «LL^i ijjaLa ^ A • ; Ij 1 1 m ir» 79001 




^ r '.iW cry'-i^f^ .ALH 84001 >j:-->JI jV^L l>*L=. jutjj 
tjj J Cl 'a .Gardy <jjjl — L^j-jj «j iWright c^ij O^ij 'PiHinger 

i ^ ij'C (jj" Ij a «Lj>- ^ " i n\ \ <J«_^L>JI (_ya dJjLuJlj it->\ ir\ "i -^-Ij 

JJSejJlj jjjl ^^.«Jl I JlA OLllC ,_>.SV5ti 5jLc.Ij <lj-^ (_jtJjUH jLJjliJI 

j_^;^l J& cA:,^JA\ cMy-^ J*'-^ 'l>^ J-^J .EETA 79001 (^3-^1 
j^j .methane o^^' (>* t^jjj^ UjI jJljj cjLS^ (ji^. ALH 84001 

^ EETA 79001 (_^J_uJl j-»^! (>» iJiJ! ^j-a ^Jt IjJla ij! 

ja^! ^ .1 I i'\ ^ Lfcj « iIjL-tiaJlll (jLfl iiiJJj j<»x.j (_,-lc-J .^Jj I?-» c 

CjU^j^jj,.; j ^ II JiLa iijj-iiajJI ajU,! 5jJl.>J.I oU^Cll i_3j-»-l!Li 

^ jij j_jjJe_fl (3j;-3 1 (ijlf. <-3j--»J (jill PAHs ol.nl-vJI SjjJLC 4_uLajjVt 

LaLi^l l^_iX=- jjjoilLu^l «LUaJI ijSLJ . ALH 84001 >^^l 
_ (j^j^SJl (_yjb3 «(j^jj^Lll jjUij ol J 4 I iri'i CijL^ j-ia t iMi».i a 
j^jJ 5^>*jll LiU: d . ,*;,-•> EETA 79001 ^J_iill j^t^i c?3 < ^ ^ - U3i^'j 

4 .f tcii U aju» lj>J>J liU .(jisjVI (_yic 5jjj>.^l I j'ljj A ^ J ij-aJI CjLilji>J.I 

4_i^l Lj>L_>JLi u^jJSLII cjlji bind 
tiuLalSUI ^3-^ tiUjJ 4.3Ejjjj . W _ (j^j^^U V^yCueS ^ >Lila 
JJS jojij jujj \V _ (jJl ^ ^ — o^,^>^ 1 1 1 »"i lilLlci ijT^! <,^->^l 

EETA (^3-iJI >«JI cr^J -^-Tf^l ,>tH=- ur^ 4 Liu,:ll alufc ^ 4jUt 

4 i,„;ll 4jjLo^ . u _ uj^^' lP! ^"i" - U^i^^ ^rJ^t 4 t,„;ll cJl^ J9001 

CjLjj3->JI (>« '*>^ U>^ lS-^J' (IWJ^I 'L-aj) o r jj>il Sjj^^il 
f^yJb^ t4loj.Sfcl>a ^jj ' ^ * 4 di'i'te^ 4 J ni 1 ■ ^ -t. \ «'H ^ ■T'y^ll IjlA 4j^ ir^^ll 

.^^^jv^^a^l JaLAJJt ^«Jj 4^^Lc tjj^ udi Lfcj Ti <j 4 n m 
iJjLjcI (jC^ V 4_u^j^l _pLLjJI (—uju 4jsJl2j ijjJI (JjJaJI (j^ f»^J Lr^J 
Jj ' jj>ll (>» >^ I L^j-ir' J^^^ JS^ (Ji^-*^' 0^ 4 J ''^ i IjiLLS 

jtla Sjj:>.^ jjSij j«J L4JJ ju>ll SLpJt (j! tjJj J j 1" "1 i Ij_tiju3 J i '< < J ig 

i4jjJu». 4,L>.^j_i>. i_)Li>.| 0^ a" I rit L«jj l^jl Jj ii_ujUt2 (jijjjJI (jru5^ 

JUu 4_uLlaj^_i!l ^LUJIj jIj JjL i' u- 'i jj ^dc. I .^LaJI j « II (Jj 




ALH 84001 CT^i-fill >*^Li iSLOil jjI^UJI W^U. ciuJbjjj Sjuj^ j,^^^ 

LoLoJ IjjJ^ ( ji* a j_yJbtjL«j ^JlSJI jj^il aLpJt 4_ulju JlSLil Jj-^-Ji 

.((5LjjL>.j Lli iil «LlAsj^ jljuu»^ 

(^Lu tj ^V m ; i^^hl LaLoJ n«.U ^ (J*->^ cr-*^' f*-^*^' CjI_A*£. tjl 
CjLuol^pjt'i!! ^jjs «L».^^ L-i^j^ (jlr *Wp- Cr'! J d '"'J (Ji^-^ 

jj^lj J^ji J^i,iijeilj .^jj-LLj 5rtU'iU jLi.>U LuLcjw ^^Vl JjiAJI jjjj 

(jf i^^jkU Sjl^l La^IL^I 1-U3J) ir^^ J tcliLvI'r 'l" I iiVI orv S-*^?^ i»l ql«ll 

jj^LoL»JI jjjla-LJI Lkjjjj Sjl i>>l, I jy-3cj>JI J-J-a^ (.lli "i" j i<>.ljj 

^ jjLc. J J ,1^1 1 ^ f^L^ ""i^^j I ?ij it^ ^^iji j^Li-j . 4 1 II II I jL^JLi 

(_^j-jjJI jjE_>JI Sjij^jll iljVl J J 1 .1 A"j JjItt "1 SjL2Lj oVLLa ^LJjlII 
jl^l Lla (»3±L^ <tUl (jjb Uj cjUsI^VI ajuk j>c 4jL>.yi (jl .ALH 84001 
.(Ojfl i'ill i—i^a-" I lo ^LbjJI» <ul£. (jit-» i I II j_y<9L>. (Jx<a^ 




y 




5Lt>. Jj-»-J ^1 o~ t. v «LJajLjiJLl ^jscjsJIj SjuJJLI 
,Jj_»j \ M ^ <1 J i4 J <>> Sll eJJt (_y^J • jj>-l' ijr^ 

»jjSL«j9 JL^ (_, rr-l '°lf (_yJI jj>il (jr^ 5l j -v- 
T L-i (JjI— <jJI J in l il i 4_<i_lLui 
tfjj — aj 1^1 ^ 1. 1 I I (j_j_j_fl jj i^Vi (jl (jVI \ 'ii^<.j 

* — *— — « -> — «J J — *j i<n_i))j «f» oL_>JLI 

a__iijj (_>ix^j J m iij cross-examination 

(^uai er-^ju a J III .'i y I joL_iui ^ 

I J — ifc i_3 J_^_j_ij,j . I (j "i i') I 4jt (I(jji)> 

. I J li.i ^Lj — <j_o.l (j! jl g hl ^1 rebuttal 
«uSUJI 

. 4_jljV (_3_iLij< d_jLj 4 J Ir 
4_i_jl__i.ij_iH CjUI_^_^yi (_}ji_»o (j( (J— 3-1 ^ 1 *> 

^ J "m ^jl I 1 J Ir jl mil a 4_a^lj ILa 

5jl «lV 3 uoj ^ ,:i £:jVI 1°; a 

SjL^I I ^ iIwOj i'iil ,l.le^lj_ ^ -. i iiVI 



jLk Lftjj ijjuLal\ <_*^j .ALH 84001 t;r^i>f 6-« f> g"M<- Jj.l>o 

I jj^iol^ (_^j_uJI j.«j>Jl tlri'-'^' Uliljl (_yic. ( _ , i''nl 4jjLi^ Lio! 

4:! ^LijVI ^jj i^jJI JJjJI o'^ jJiS-. VU^I ^! 

.^j^l ijiLC 'l.ajjjj 3Li:v -^.^^J '-'t'- 

■.^:^\^\ 

4jljj! L»j_^ jlfj 5j.Jt^ ALH 84001 Ol ) 

(jjj (_yitj^l L^JLuot OjjI (_7jJIj i c riil (j^ (jj Ji\ rll I n I ) J (jhJ^Aj 

(-1,1^ Ml" iiljL<^ «Ll^o jj^j IjUfl I I ilii'i (_7jJl itiiljjj^SUI cjLj^ (jl (Y^ 
>j -v-j 5 i'i "< I S?( ^^L>iJLI J j1^"' 1 LcLoj cjljjj^£L!l cjLj^ i— alj^ jlLc (V^ 

. , 1 ,1 1 ^1 (*^J ^1'" 4j^_^.>JH iJliLjj_a.>JI 4 J M "i Cj\ j j.t 

.-.I I J A 1 , „J 1 J . ..1 'C? »3 J I I I jU l "r« a ijjL»^ (_yic. oL^SLIl (_g^JL>0 (i) 

Ijj J "X ,11 (jiajij iJliLasJlia 'v nilj I g 1 j 'Cljj 4 1 i' i l (^Ij i JjJl a II 

SJjJlC 4_jjL«jjVl i'il'ij^ ^jj jll ■ al o I II I, I 4jj <1I iJliljjj.>JI J olr-i"i (0) 

icjLjjj^SLIl iJiiLj^ ^ J*; Sjj 1/11 (PAHs) LuLioLsJI 
.^jVl 2LpJI cjL^ISUI JLhj (>i 4;>oUJI dUli 44^ 
Lliic. < Jjo-a-flllLi jjjjJI (jt (Jj^ I-"! ^LajJI (j^Ljt^ (_H^J Jj^ 




Jaj^ALH 84001 t;^Ke>il 
jj (jLS liLs S-GLpl ^SUj v ( jji (jiU idefendant 4_it ^^Jt-JJ Li'^U-» 

^j-i ii.a <>jj («J Ij^l jLa i2l<u^^_»JI / _ .<"j jt iJjSjJI (2ys ^1 i i " a <i.Ac. , l ' U 

^jdl oJu (O (DNA) LjJI (>o jl_U-xJ;I JJjJI jl^ Ijlj '-i-sj^^JI 

(jLa i4jjJL/i JjJjJI »Lfl Vj) i Ml d 4 jlr (jl^ I jjj J !i.>- (_yi2^ 

JUs-lj JJ^ LilLiA jjSLi j«J I jLa liULiS-a Sj^_uaj Oil j ilij "ij (jt «UiSLaJ 'i/ ljU>.t 
(jLi ^j) »i « a Sjj 1^1 j»j_j>ij jjl 1 i 1^ oj 1 rij^"'^ iiJliLjjVI 4j1 jIa (2rV 

"jtiUj (jJi («X.jJI (jlt L^Jt^JI Ijuk 3'''^-' ^j'^l ^j).<»-»a 
H^j\_uLt»Jt (j^-AissJll (Jj-aj .(Jl j mil I jj* ^_,lr 51^ <ii 4_iL>.| tiJLL* Cl iiiji 
J» -^"i 0*^1 JiVtl S-Sl— lij iloL^ (jl Lj» o' Cr-^ 't'^ 

l^« 0^ JjB Ji^^^ila JjJj l-LuSL-v. <jiij^ 1 I iiU" a (_,<i n (_^_^^^:>JI Jl JjjJI 

SJjVl (jyi^. h 'l ijij Ijj-CJ '•« I» (_yjoL>ii,l (Jj) n I II iLiUjJj .(_jiaAj j-« I 3 '■^ '! 

, « i a I (_,lf (3 'i" ' 1 11 Ll^ (jl La tSj^3 ' S J I "J^p I 4.i.ii„o-^l I 

LfcJjjl (^1 (J II a JoLijJI (j-a 4_aitj (jr-il<i" II iljLstjtJ « I» (_ydeL>iI,l I J i j m 

j-JtjJt jJ 1.^« (j! (jic. j^^i.A>JI i^AJJ 'Vj! .SLpJI iljLS el£.jVI 

I j_A (j_SJ .4 'n.i jJ-J>Li i I O ,_yJJ j-a-CL (j!j (^Jjll ^ ALH 84001 

.SLpJl J^^J 4Jb oLaMc I C4!l>o 3j_%xa]l CjO^ I j} Li)X. U>:^ 
ojir inW (_ya 3jj».^l C:lj^J^£LJI ^-lilj;^ (j' ' " ' A' (*J f LcjVI (jl (jja (<i£-^l (jA*^ iLjlj 
(jl «LcjVI ^ ""'-J .lili j Ij (_ps^"i<ii I II i^Lui e\.xji ^J^J Cjj^j 

^ji^. (jjSuj oLj^j^l CjIj^ (jt (^i i3Ljj:»JI jjic LaLsI^ ^W^-^ ^'■^ 

«LJll Ji^jvj (jl . 4 J ->. jJj J J tl J jiC t4 J t J lUti i-Sgj h)l C>»o SjJwUui tUj (j I II I 




UJ^tH-J f jo^l ^ SLijJI j>4liJ 4^jJ& liJli* cJ>l^ <U! Ja^ ^^.^ 

j^i-aJI jjij iiiJLjJI JlIJI Lsi . JjtilLj CjJl:». Ji^ I ju* jl ^^^ic ^^Lu) J .t \ j , aj' 4_J^ 
JLluiL 2L4JuLa .(°) 4jij|;jSJ)?( jJiUJlLi C.\nn-A\ e^^\ 

5L_Lj>. Jj->-j (^^1 SjlSjJIIj 4jj)IUU cjI_4^L«JI cell walls Sj^Li. 

lOjjSu JLfl CjIj i^ij jII (jjSj (jl LaLij J.«lj>J,l (j^j foSSil life 4jij|_5.isw| 

jjj (jji Cijj^ljj 4jjJuu5 iJllLujp ijja I Jl ^^Vl (jjO J-i-"^ <- ij ^l^^l oJj* J «A" I ^t':^ 
Ij-je-Tu q\ «1 1.1 fiil J iILi (_>.aj-je_a 0^>-*f X3 •^ki-'^' -l3 "^J 

(jjLi-ui jjyic I Jjkjll J « ■ ^11 I LaLiJiJxl I . , ^ ^ J iCjLjj.i>- L^i jjic Lo ■ -v t 

{_5jJI Cj^jJI j-jSLiJjLi «Lo^SL^m ^>_l^Jljj i( i» (_y>sl_>iil LLAj . Jaia I jti^ 

CjjJaiil jLai :(__y3jVI (_yLc. «LcjJlSJI SLpJl ^j-^ «LcJJii!! Lijj-jJj-iJI f I d . ..I 

(_yJI J-^^ (__>^jVI (jj-Jc- SLjjJI J 4^ (jb ^L-aLc 5jj_Li3j Jj I n\\ J-i^ Jj-S^ 

J J lil I iij jLi Jlj>JI j j i II m (jji J£ ^ J I II li" (Jiiil-J ij^^ » ^-^'j • tj^^W ' ^ 

(«Ulj (jjl (S-C-jJl iaL_LJ>Jl Jj_3.J_l jl ^ Ml "i 11.^1 (jjj (j^ tljljjj^l JL)J_jJI 

. 'iuL>- Cj[jl>\£ JjS Igtji (_yjl J J i"i_i 4 I lili I (jlSlil tjujVI Jj^J ijt tLc jVI 
. CjLiiaJI SJjJLjJI <*_uLojjVI CjLj^j-SjjiA j (j II iJll Lljj.j>. (jL3 ilj_j_i.lj 

ijijj jjs 0_5^' ''-=^J' ti-*^ (jr^ - ^oUj I II j\ JSJI («Ajlj (PAHs) 

4_c3_<j_5=_»i! t^jVI cjlji-<Jlj 5 J jlll jL5Lj>.Vl JLai^-o (_yJ3 ijt-s- jjSij i Andcrs 

jSchopf i-ap i"i Jjj (»LJj iIh'J (^'-'^' (*-^' Ciillal jJI 3 id j III «1 nill 

.(__>i3jVI (jic SLljJI JoLajl iJjIjLi J J I -v. jjkj (_ysL>J,l 4 J «1 Ml I (jl (jSLcj lS'-^^'j 

iy\ li.ri'vU (j^^jUII (j-u (jji «UI jjjiii (_yjjcj <<Lil^ (^ji-isJI ■ ^ «lsJu^j 

JJJ ( uli 'l r II n 1 ijjX. ijjJ (.j-l^ «(j^Jj-S BLljv -^>^J jLt" ">-I (J^O. S^JoLill 

(_yjj| jLjtStj LlajJI (3-«» i_aj^ J>2j -^ajj'iIjJaLLa 4-C.I j in CjJlcI ,_yjj| jj^J i(_y3Lj>iil 

jjs^I (_y3 Lo . («jJsj^Lojj ijijj '(jj) '-"J j>j 'lS^^ ;(_y3UsjiVI (iijJjl i_a^L>- 

<bl Jj^LS Lj! La? . Lt^^ j^Vl Ja:>o iljVl jj_A Jl^ 5 i n a jL |j j^< Ti ^ a («i^j! 



>(((__>jiJjLui» SJjtjs ajjHiUl (_$ISL« (3J>3 2JLLa ^ jj-*-^' >Ia-tJI Jx« 

4 <ULS I — u — !l j.2j aj L^j? ^LojisJ LaLoJ ^j^jJLa j<u*J <L*Jj,S 

«tre-j^ (jyi^ ,1 <K Ant I 1 ^ a .1 -r "n 1 n ij i n ILm jJI (Jj-Sj li? 

«Gajl^j i^jJI 'jjJ^I -ij'j-Sl i^LlSjJI i3j>3 JulS cr^'-'J -««/laLj-a 

S aj <i -r "i-i ijit "j i «1. j 3 Jj ^ ... "I t . "a J^^lj c-jjL». i_3j_<i ;Jjj 

(jl^ (Jj»jSLc i fT r>^ i JaC IjlA jl» Jj-ij . (((JjUjLj)) «lijt^ (_ya 3jJ i'?! i U SJLfli! 

Jji Jj^ lu tll (j-a Ol jn"i iiill J ii f ^ .«moon dust (_gj a n\\ 

(jjs jjji- if^ll j jLiaJI < iI-^ 4I a~i-»JLI ^poLiJll (J^^ i—S^'Li- i- I 1 ijjiiJI Jaj^ 
e[jX\ 4_uli j-aill jLHifll jjo ^jJI Lt^J -O^J^' Lt^I 4jjLtiiiJI LjjLa^^^ 

oUjLSLII 4_i_3 (_j.S_<j (jf i>S^ (^'jJ' irange i^jII ^ j-rH-^ ■'^ tj^'j 

4 J -w oLuLi J 1 <^ II (j' (Jl a" Jn « 1 t^-otJ Lijl (jj>> S " 

''J "M L^UI_^_>.| « L^Lj)! 4JL^j i"i fir I L^JlI^ . 1 'd % A II jl J Jjl I J ''^ 1 ' 

I ^ ;<I <!_> (jisjVI J-jL»" lyi 5Ll». ^^'-<jLi>a (_yUj/Luf IjLjja 4jl3Jlj _ jjjijt 

i4-^l I» a u3j[^io Ci:>iJ J-a-jJ (j' '(>*J^^ SLlsJI jja (JcLilu 

>_)j_«j ij-ajLj iiJjjjj_jj 5ju^^ (_yJI LiLLa». _ LliSj^ 5jj:>.jJll 1 ' 1 b 1 iLa 5jj_uaJ 

JJ^I La^_j <i ntl jLo-iJI oLLuC. ,jja ^!iLjj^ > t" 1 ifl ^jC 4_}i 



JiLiIjv"i;i (>« (a£.jJI di! j JjLii ^ L^iSL! .i^jjuJL i_>;sjVl 

.sterile S-ci*^ i-aj^Jo Ci.-»J SjIjj 

(_yJI (JL>JI ajuk 4-4>-j ' VjU a |jl5j jjjjt < i" ^ i(_y<il<1l jUoVI (j o iX .al'i t « 

J i'f-i 5^^Jl4j l_iLL&^I Ijuk ^-^jjtJ 'O-^ I i i'r>ljX.Vj t(i(j.>ujLu» <l I ^ a 

ALH 84001 j^^l I fi jl^ cA" ^JjVI lPL^I ^I'.m ,„'^1 

jjs jj-^' i_3iLli>l jjLfl <(JjJjJI iijli i_al i';. "'C! J Mnill jjji ^.Jij L^-fi 

«LuLlll <lxjljjJI 5L>-j"i I II u CjL>.I "i i'r I iiVI J J I II li'i t (JjilSLILj |jl«"ij 

4 'l J I II CjI jU« a (_gj U ij (Jjjvjjl (jL^)) jjjjl (Jj-2j .4jj^ 
ajU,.^ L« (J^J . I II J J I II lilj 5jljj>. CjI jK* a I ij. vt tjVlj ■ i n j j i n i^lj 

(JjIjljJI J-c<aJ (jf (jr^ (1>^ • (jr^-J^-i^ ij-"'' cS^'^^ CjLjLi-JI (jl jL^Joj 

» J "1 1 11" (jl i.f.l.i'v <i_i -^J^J i-i o " t" I '\ Ac . ajI I "1 r I 

. «ijj, t ir-i"illj SjIjl». ^^il^VI j^LlILij i4_uialj jJl^VI I illi'ltl 

iIjLj^ t. li^jlil J J 1 11 4-1 j^l o' (j^ X9' ,J ^ ' o' jj"^' "^-^^ iJj^^'^J 

ALH 8400! (>>^l j^-^l (> 5l>L^I cjU^j^I ^jl 
(_g^ijtla tSjj-iUl oL^I Ji-'j j-j-I (_yJI (j-a ' J -^j"' (^ variation LuLo 

! -i'^i <j_u«_iilj J I iiILSJLj CjLj^j^ CjLj^SLII (jjo 4_jLi.l jJI tlj^VI 

.^:>J),Jiiiir Ulj JjJl>JLj 4jJl£, CjLj^J^ fjl^ iflL>JI (j^ 4jJ;jiJI tl^^VI (_gjl:>ij 

' ^ 1j 4j:>.^^a-JI CjI jla - t JI (j-«^ ' I J J I II (_yl^ jj-^' 

(jV J"^"' ^ j'a iSijLjj tfLta Jj^J Cjljjjj£L!l ojS[jj Lajif .Cjljjjj£L!l (jJ^Sa 

o>j^l ^ i^jJ'j lUjIjULI oj-ij^\ ■> J Ml <! (_yjLj 'l T J cUI 



i«Li_3 cjI jdl jjjj^l ,n ici^l j j;^. I ^ ' j-iA' '-'i^ '■^^ "^^J '-^li 

^1 iJiJjlJ »m (j^j^l .u iii^t jjLc. Lojuc ilij^ U-ja j iC j ' r l l M '* . u 

Q^J_)£JI > jii i *? ! (jjlj iCj^jjj _L3 *U,I (j' ■ i_3^L»JI 

tLtbj.^^ ^^aJu «tjl (j^Lt*jSL!l 'jj . I « I ir» <i->. jj mj tLi! ^ 4jLjjj Ju£. 

ij^ I " a Ci^vl preferentially LjLuaLaj I o j j iSj-'^-i^ j u-rlU 

<_i^ « "i Ml a i_>-^ ijj ' )jl « !» (j-ol-'^nU {jSw4-i 'lLU jJj ■ 'Lu3j.li 'k.! I 

ialiJI cjU^j^I (jj^ ^ <<jiiljjj^£Jl i^'jj zoning «^3^1 i i"'» Jj^j (_3Liiu^l 

<L>ijLi!l «"U tLLO^j!.^! jj.o 4jLfljjj La lUj I JLij ■ j, jl.rriUj 

i_5jl3iO L« IjjjS icarbonaceous chondrite c^jLiSJt iS^i.ioAU 

JjL>.j^ 4jJ^J>eJ jjl J^^^ L>^*^ '^J . d-^ I i'ii n ^ i m jt-<l iii a ^jL*-^ Cr^ 

jjjuf jLuj .(LAj! j»>>JI Ijub ^jlaj o' 6^ ' ALH 84001 ^>xi!l >«JLi 

jjjLlII CjLj^ju 4a*A>i L^t jJUj ijjl] i4.iiiuUmi (jJsLnil JlSLSil (j£. ijjj I jLa 

^1 4 .ijtlj JaVl 'tj^j^l L) .J '1^1 II 1 g->-'iM ^1 magnets 4 j mjUljUl 

4^Jl3 SLi^ -U-^J oLo!>Lt J>->'J CjLjJ^ jjjJjLay (jjjJI lilUj! (_paju 



lilai III 11 iLLISUj v 1« i» (_y^L^>J,l o' (j *^<J .ii>-3j|^ t a {^)(_y>._jjj^jj^ 

»1 ->■ "uV! Ij^_jJiSLi» J "il 5 nilUa L^l JlSLiVI «jla ^^L. >_3j_«JiJI 

CjLi_u^ (JlSLii! 3_ijlj-a 4jjLi.« JL>.| («-1^ iiiJJ j (^1 IflLilaVLj .«(J I if jULLm 
4_>ijLI!I 3 j il 2 , , .. jUl 'lili CjI i i i ->JI J "i aj i4..i.cii, it-vLliLll (jjLiJLI 

(jjLtil jLa 1«!» (_y^L>JLl ^l'rnnl ( 1 1 ii->- iLdljJj .,_>l3jVI 4aa._jJ^^^a£. iZl\ j\ or 

jjLtll jj-^-j J J ... A "I SJjLfcjs jj! (^1 «I» (_^L>J,I U I . J > (i > ilj_Lji.i^ 

<^_>,|j^ I j ilt- 1 ^ 1^ ^J^d>j^ Lj^joSLi 1^ . '.Ij ' Cl t i m L^l (jr^ 4 J I II jViLIjlII 

^ ■ * ^j_A^I ^* ' '^^^ 1 j I i i j 1^ 1 it a VLj*^ <i 1I (jl 4 fij n 'W 

5jj:>.jll .'II" I 5j j,.°:.ll magnetism 4j injULim t-jLi. .jVI iaju <Lu,Li^ 

4 J I II jUl it a CjI i j i JjJoJ (jl L^-J-jSLjil j_^JLj>iil J J f jjja 4j| JJl-lj Cr^ 
. 4JIjl3 ^jj ' * CjLujl>JI ^JlA 4j I . . ^jl Lu LiJLufc ^ liil i<U_u_J:i 

Sjj^jll ^1 — tl SJljJulII 4_1jLi1JjVI Lllljj-J^j^Ji 1 J (jll ^^J^jJI Ju^J 

ALH 84001 u-^>^l >^!^l o5 1>» ^iJlj .U.jlr Js, ^^ ^jUl «jij 

SJuJlaII 4_ijLjjjjV| CjUj-j^jji I j (j 1 1 tj^a (Jj^ JJ-^ (ji^ VI ^^^uL.x^ V 

(^1 jjJiji J J . "J i^A"\A j»LtJI JjV (jjj^l i_jjL>o SjjjlILij .oLiL«JI 

(jja olj j jjja I a dj^^ Lr^'j ~ (j^ i^ ^ j-^ I jl liAjI 

i4.ii.Liji ^ 1 a 1 '. I 3>jj_ijiL>5 J — o^j_^^l (jja 5jL>.lj SjJlj 4 U '"'j— a Lf^j[ji * J (j^l 

(jjo I 1 I ^ . « ^ jjkj inaphthalene pJI "r .i ill 4_»j|j ^ mi "t La pl -^j . ■■ 

(jja 4_i^ljJI tljLiSjJll j> Jiir" i njj lOl iil -sll «JljJulII ijjLajijVI oLj^jJ^Jgi Vj jtl 

• 050^' ^'j • ""^^ ty^J (j^' '^^%)^ JfiLfljJ 4 T- .jTu oi^-yj < mothproofing iiuJI 

3 , ,. t j^^l^. J^cl li "n L>a.l if (ji-LuJI (jV't jU jjl 4iLjJi_>JI (— ijLnr-Till ^Jk-^JjJ 

I j mCj ^l-^tl SjljJulII 4_pL>5jyVI CjLjjjj^jjJLj.^1 4jc Jjjj (jl (j^-'U JljJL^JLj 
4_ljLsjijV| oUjJj-SjyjLJ.^ SjIjLj^I ^IjjVI (jA JjJ^ JJLC iSy^ "Lic JJ-ij v Ljs 

j jU"t l c. ^1 4 i cu-Jlj» 4j| jjJ^I (j-iilitJj .Cj\ ii>JI SJljJ »JI 

31 .la ^1^! i^<fi -rs ^JJ CjLiLaJI «JUJulII 4 /i I ajgVl Cjlj^j^jj, 1 j ^\\ 



jjCi Ji I fl^n (JJ_^ (jjl J ■ ■■ 4j9J ;J itj) iALH 84001 JS^^\ 

4 I II <i ->■ (Jj^l jj-a ^jji I "■ • 1^ 1 -r" LijI i« I» (_y>al— "«tll ^j-S-i-ui iIJiSLaj 

jjiUj ij_yjtUm L^-ft^st^ cr^l I jJ^ .4-L:aj.'nl.l micfofossils 4ji^43JLI 

:Jj_ij (jl «liSUjj .nanofossils 4jjjLill (JiiL-jj—i-^JI (<u^l I <j jir (3^-1=^ 

ijl 4j5Uj9 .J ." aj-jU Y • • j! ) ' • \ 1 1^.-1- a^Li Y • j! ^ • 

(_y3 (jr-"^ \) } J-^^ J-* '«V'" L?-*'-**^' J "j • ^^L^ ll" I iij 




jJLjj .^jVl jjlc o_i,. i nll OLjj^sJLj eUi»JI i.ri">J J^-^ JS^I trJi^^ Ui»».^,^Jaj lALH 84001 

-f «LuiD» icLiVSj dj^^^ ^ILd^lj o • 4 ^j^j I I i^^IUl loA ij^la 

«S 



jj l^'ill 4_ujljJ ^.^^ ^Ji_«j ( Li^^j-iJj-tlljJI) ^ 1 ' ' l-La-^^ J I J I jl " I II I 
a^jiC CjI J M I II <i -vJ! I fi m'i i n 'J J ' «jij» i_2^^.scJ «La^l 

(j^^l cjljij"i i,u J^Li- jjLsjLbj Oberlin lt^^j-jj^ t^L». ^ l_i.->.^jj-jJI 

(Jlo i4 J /oULI iuuM IlyJj iji_»Jlj (J II «1 -W! I i-j . UCLA (jjjLsol jj^jJ 

i I iitl (j-u^ Jj3 Cj^jj (_yjJI 5l I -hII jIjI 4_ujIjJ (jjJ-C Li^Lc i_3j_<i 

J-*^ J-?^^ Lr'! Jj-^J^ (*^->^' i_3jji J^tjej tJjjLs J"-aj 

(JjJiflj 4iuA»JI LljLaLiu^VI q] JJLuj iSj^^i U^J^Aj V , o jj^j '^JDJ -^^^l SLtaJJ 
(jrU;>Li V ,A (^1 (^Lj_5j( J.«-aJ t^jJ! 

(oJ^Laj^.: : m il) (^) 5 j-ai _.ut l a _i_Li.Ktl Sjl^^l <^ 

4j5LlLs >^ (_yjk i-ijl^L9j_;"iiiiJlj . LlIIj'uii! 4j>c. Sj^^l stromatolite 
iijijl I iif^l («S'l^p .Sj i^^-^U frLSjjJI Ljj-uSLJI j>^j layered 

L^j-^Io^a v mil ^t-'*"' l'!" jU Ljj-ljSuJI «i .'•'i -»•)) LiL^ I j t a (j o i ^ " 

jlalS JjJjl^j l-^l j -I*- 0^jjLaj^., "i I 'l I Lj (Jjt (^)) Jj-2j i_a^ji (jSU .J ^ a- l l 

(j-o populations cjIj.^*». liLjJ ojl^ I jj» ui^J^ J>2j S(jrtJjjJI (lr?J^ L(kj-»c jlu 

CjI lLLjjJ OjI^ i jjj i4jijxajl jlj^ d-C ji i >-» o Li>L>JI 

4j*JI cjLoISJI (iUj jLa i[Cell division ^^^iJI j»L^VI 4Jjt j gh' iitie^ 

'J j 1 1 j»j.j>Jlj 1 a (j J Ic tj^j "i (jf Lal_3 iadultery 4_l>.j3 4jLi:>. djjJLjv 



i-flj-ii jl . 1 "f ^ \ I U"i jLi£. .«jJL5-a JjJj ->-^_j:J ^ L-^li <flagrante delicto 
V ALH 84001 erOilJI ^^ ^„rnlW JJjJI o' t=e^l 'Ioa 

^ ii_flj_i liJ^SLii Sju». CjjLtLi^aj la^jLjL^j i^lSLa J-j-flJJ 1 :;".n 
tljLaj_<j<j_jj^lj .((LjJj_2j ^ ■ ■ . ~»l /»j ■ ..J ^1 jO,>- -K J-ikJ tl^^Ji^jJLj Y* 

(>« 6,>^ '3 Lj JI L^LiJI cjL1jjj^>_JI Jjiiej jj^lj-^ iribosomes 

(Jj iCjI j ni 1 . 1 J i» ir>l ^'"'Ij-^j '11 j Cl iiijl» . SLpJI (Ii iiijt I j'^ ^ SLiaII 

JijJU il^fljju 4j^4»JLI Cjlj^jjJI 5^ (JiJt ^1 4jL4j jJLuot l^j 

I^J)' Sj j< 4j; j'i'v jtl Ij>L>JI (_P^J .(^ J <S\\ Jii La J .^.tl 

frLuiVl ^l^tj (^*) cjIji > ii'itl (_yJI isLusVLj ..-«1 /ij . "J -jj u " jj;^ 

^jJaj t ^„ i^jll Ijuk (JjLill «(jj» «1 -«tl 4jjl_5tAJ ^ ^ 'l : . .. 

i ' i " 1 ^ » i_flj_i Jjiij ^(j^ (jjL^ (*^?^ £^ jj-uaJI (j^ ij_uiVI Jl J-jjJI 

«tAjjjUJi 3 j i r>nt l Cl i ii jl elxjt (jSJ <(«J5EJ>JI 5 iiililLj SLpJI jijjL>. La i^jjf 
jaJ . ^ j»t JjLiJLj cAjjAj)- ^Ajjjlill cjIj^-L»J|] cjLS ^jl i^jJy JLs-t ^La . LLa 

CjULu dJLuk (-11. nl"'^ . I41 JVjuo/VI (jSLoJ CjLiLlJI j^Jlii ^ Ijia-t oV 

jijja (j^ Sj^SLo l^t (jic Jjjj lilLijk (>ujJj («^ •■(^yjljaj'vll I J 'j^j' 

Ljt (j! L»^ .SLp. i 'i l i ijl iCjLjjj^SLII JjoISJLj SjjSL» c^jl^ lijj 5^ .u/- 

L»^ < L^j^ ^Li.1 J jt 5j v int i Qji La-jLi- j>JJ ji i Ijj 1 ii<> a JJuj ^ L^ia 
.(«JoJI 4 lj'i i >-> 4lj-»- 1 (jjj 2jLj^ ajjfcj . La 2u>. OjL^ lil ^JJJ (jt 

cjIj^ <i -sll j.i>III (jjLJU Lajiic LuSJ «deformed Laj-i^ L^ia jjljj 

(jjSLj (1)^-*:? I flia /. ♦ , \ (jic JLJ^ v La ^jLfl iS-aijil 4_i_iisjVl 

.((|_<J^ l£>^ Lt^ Ij-Aj .<Lilc c^jjlIJIj "j j ■ ■■■^'t 
J^i) SAjjjLJI Cjlj^iaeil (_^L*jSLII (_u^^^1 (jrti»J (jjl>.ljJI JjL*J («J lili 
:4jLiij JaciJI (_^l La illLuk (_>iijJj ij-tislj ' H 'Cr'! ^ ■ ■ - itl ■» 




cLj^—yiJI »1 <t\t''i ieducational 4j ojU"t 3 KA ^ ^juk .^jojv^j-iJI ijm Ij ...jIj 
iSLpJI JjIj^ c^K L>L>. LLaj jl<u jjV V I ^^^1 (_yJLiJLij 

SjLo Laj Cj\j i "i ■• »JLI cIj — i_>- (j-i^ (jrj— «-JJ i3_jjjLiJI A -> U 

(_yJI c .l'Cj-uVt ^jUS'j l(_^j_lJJI J_*_sJI «LljSj jjji L^j^J iC^) c .l'Cj-JjV I 

: J^^jj . LaLoJ Jj-^l 4SL1I1 (^^l^- i_£i^_tl, ijlaj ijj^l^l C^^l 4 J I iiitL Lal 

■ I . „~,ti ju>j| ijiiljl or 4-oj-T:ri I, n 1 1 i-dJj (_yjk Cyj'^ t?^' SjLcLill (jl» 

iLaLcJ iiLt^j '"'l U-^M 1 1 ojufc (j! ul ii" r t j-S-*^ i4 ii'illj (JiHJ 

(j! JL:sw! ^jU", . „J Jjfc (1)^ i5jl "i«i a 5jj ir^ t tfjtj L« l^jjjJLa-LJI J ( ?i irvj 1 ii 
(jjSLj JLiLa IV SSLljsJI JJ-:>-J 5 o mLa. CjLa^Lc L^f ^LliJI j i n l ij 

.4_L^ L4J (jii-i_iij 4jLj (Jj-aJ V ljL:s>l 'j|J^ (-ju-a-ij ^ 1"<| a i <i m t i_jjSLII 

CjJl*.j Jl3 5 ... ^ A^tl J U ...SJI ojjk CiiL^ Ijl : jJk LlA Jj-iiJLi 4_l».jJI JIJ_uJIj 
1 ^lUa S5Ll--v- JJ-^J (jr^^ (Ji^-S 4j! Iju* tj-ijy (Js-^ 'lP^J^' (jr^ ^J-''^-^ 

^ Ml 1 ' ' * ■ ^tt J ' " 1 4_^_L.d.^iJ I ^ n *^ 

,|^CjL=tjVl (j-a aj)Jll *lj^l (jj jlt-ij I II LifcjJ»:>-lj 

■ \^!>~ ^\ i<(i_i»j 1«]» (j\j^L>J.I <LLxiiII u.jL^ SJjjJaJI CjVi) i^II (JiLi. 
t_P3j-t-"n J-fl J-^T *(j-ii li? (jl 'J-^l>" (jr^) ^^"^^ (jjjj I "' 1 "^.1 «(_)-"» cs-*'-^' 

*LcjVI 1 (i'^l II. (^1 JiijJ «LLSJ i(4_«£1^I 4_i1_3jJ 

^ Al-» .,11 (jSL«J I lyf^ ^ijjus^ 4 i'ii'°lLua .1 j«j Vl 4.ASL3eJ jl'iVj J-AJ • V^ JT"" 
tLtjVI 4_aEj>. (j! (jJI Ij J Ml n liIjVl ijM i^j.ajX\ 4-i. i ,i n -W I Jj-ijJI uy? t*^' 
(jl 4jjVl '-^ ijr^ JUILkj j! ^_^\ , 1 "1 1 n't (j! i_ocJ 5Llj>JI ->>»->J 



^96^' VJ?' "'J /Cla^l 



.<x>. LjiAii- Lfl-OJ (j^^ (j I (j^ 
l^jjj V <4_iLj 4_3.|ja^ L^^pju (^L>JLl (jf <Llii:>-5^-a (jrt Al-sU jj-a i <IU_i j-ij 

(jl <LS_ii>. 1 1'- . . .. illUIiJ 5 -» .aj.>JI cjLjjlSUI («-acjsJ (_yjjVI jukJI jJjj 
cjIjIuJI j_yj| j^jj (j^l oL^-ijJI - Lg-iJ-jJ (jj^l «tjj^jVI 5l J -sl l JlSLu/l j^j-*-»- 

<bf l'i A j^Uj .,ii_„i ^^UJLI ^^j 5 L,i;ILij . ALH 84001 (^j^t^l >?^l 

JSVI (jLlajjJa LLijJ i(j^lj . Lj^Li- Jj^ (^yi CoL^ Cj\i i'nji ill jjl ^j>.jJLl _^Jl^ i^a 
Lj^L»- (jl <"i i"j (jl LkAJj>-l (j,!^ (j^ <" J r II .4jLiilI ej CjL irijjll (jU ii>j^>vll „I jiii"! 
(jl jL^J jj^VI (_yl^ (j<<~j I «1 iji i lj>^ u' L>^-*? J J ^1 j<tajej «Uaj-oiJ 

.(jisjVI (_yl£. Sj^jja CjjI^ L^I j( (JxaJlj J->-jJ Lj^iiJI tf juk 
.AjUJI AjJI j-LLsJ La (jl (^ tl,>;^l 

SjuAj (JSVI (_ylcj tIfjiiUj membrane tLiic. (jjSj (jl (—lxj iLujJI ajjjj. ^ .^«1 ^ 

L^^LtLijj CjIj jJI ,j£. 4_flj^ L-a (jl . ^ (i « 1,1 oLjj).jJI ^ya L^"^! 

. H jii'll 3 jiiil iiiVI 3_jjlojJl tb! (_yl£. jjLUI tLiill (j( Sjkljj ^ jl^ 'j 4jjLl-»jSJI 
Lu^ jl i JSVl (_yk. ol jJLojjlj ^ • «t'vfl Ml (jj^ (jf spatial limitation (_^K1I 

■Sj^^I) I ^ • I (j^ 1 I n (jjSj (jl L_o:J S-ili- |_gl (jt I ju* (_yi«Jj .4o J nll aju* (j^ 

Jiilj (jjSj 4jLi.lj 4>.Lu^ (_yJl S^Llsyij (I jj/il->- ijji ij$ sLiill 

tf jj* i^a ol urij i l l (j^ jjiSLIl i'Umi (j! JJUjj . JSVI (^ I V' YO 

Jljui *lS>^ (j-iJl ji (JdV (jSUjj .jJui^Lj T • • ^1 LfiAtj Jjis Ji^ idaj Ml 
jJjj 4_ali.|j 3^L^ ijJLja^U Y • • Ajl^iaojjl (j-«_u3 JL».^ (j! J^Vl (_yk. 

Olj-l-ojjlj ^ * I 1 ( ji a J-i (_>i3j_c. (j|\__oL>. Jj^^ ^0 m" ""'Ij " "J'l"' O I 

SjLfljiil CjLIj)^! ^ (jLiJl jl UflJi jl£ j . IjJLflj-jLj Y o I j -'--'J 4 iljU . ..v 

(><i ^^jilll llalun jijOc ^jS]: ^| j ,4jjJ| Lj>UJl lUi.ii! (_yj| 2 ..„iU , 

Cjlijj|_>_Jt i 3jI v "I ^1 ii-i o; <Li_a^ Lj^LjJI ' u , .. if (iu^ i^jVl (_yi£. ^ ' — 
jaJUu («SL>JI l ii< <i j ^La i jl i ^'i-^ Lij . j^lalll iiJLJI 4_UJ>^I oL^jIl ^ L* ^;_lC. j 
. LaJ^J L^bta-! (jj,Lu! iLji»^ LjMieS oLu^a^JI J^jS 



Y' • UJI^I ^jl^ tjiJIj .(^^) 4. lj , . . ,.< jSJI I flo ,„l .o^jVl ijic Sjij^jll 

(jSU iCjLj^ajJI J!lo narrow 4 tij r. nuJ ,.,<j <tl I j j ^^itj 

i r< r ii jj L4j_^ I ij I n J I lili J L«jO i(jL<jiJ^I (_y3 JLijJl». ' .,.„",11 

iJlil J 1^ J ^1 » ■ I ■ ''^ 1 ■ ' i^<lLi.1x^I L^L%j>.! |<^j (,7^ 3_njL^ 4jLuu 

jf Jj>J ij.*^. j^r^ -J^J^ W>i-i^' ij^ '-^^ (1>^J ^^.U^rfcja W^^-^ 
^j*^^ I J I ajj J (i "' ^ 4 J "ijl—jJl jj 'V mil ■ "^1 iSj}'' '" " I- 1 -«I I £^ " 

1 a.l ir U I iill 4.xaj j-a (jL^ jj^ (JLl^I (jjJ 1 4_iSLjj_jj V I jjlaJjilj 

Ljj j " ^ jt l dju& j2>^ JLiJUtll ^j^Lo^ '^ --^j . 4.j>-j 4_L^L£ ^ ■ 

^Ijj (j^l i4 jl i.^S/1 L^^l.-y--^ I i'j C^*^) L^^^.2ILl^I i II a (_^iiAjc3 (jl 

4jjLjt,a u3 ijaLaja^S/l juk (jju 't^^'o Jls-Ij j miT j_yJI 'Sljla CjLjj^^j a 1 Ua 
4j3. jISJLj ((4jijill Li^jjSLjJI» eJJt i_j ii nj . JljJuSJI ^j^I ^ (J^l l(jia 

4jt I J I iiLj <((...j^T J^jj^jjO Jiljl (jl iJ^» (_jjaL>JLI (J^jOJ 

SLpJI (j^^! (j^L" L"' i^LsjiiJ jllxll jl i°:r(iii»ill j-^isj! (jr^i^-* ••• » 

j ^ "j 'l ^« 4jLc, 1 j i II jUl i« a "^L^-a (.iUri.^ i^.^:!-'' ^d>^' (.t^J 

(_ji irt^l ^ . .' jt^l n 4JLj«-a 4jj_^_uij i,t n ^-^J pij "^^ll a 

^^jJloj <i-ii ' • t ' (_^LijLij i_>£j£LII Ijuk 3jlj^ 4->.jJ i". , >>A J» il 1 a,.! ir 

(Jj^ JL>J.I Ijuk 5^ CijlS ^ lSJ'^ ^ Cy-' • ^'j-'"»"!!^ ^ 4j| 

<i" ^Ij i_.i^lj£LII JljJjj 4_l.iLiSL1 1 i a o (jl La^ i(ji i 1 uli (j^ (j^^Li 5 . 
^j,^ 4 jiij^ t Lu^jJLa (Jj» L<llj 4 Ti a 1 Ju^J^ J-±^ J-^' 4 j 1 imUI i« U L^'^L»^ 
Iji^L (_,iinUllUI frbei'iyi L; ri<jj 4.fli»lil 4j«JI jj^ ^jU'i.i't "if LLSLI .SLpJI 



ijjub J 'v i i i 'i Ciflj j _, I n iU Ll>ll JL>J.1 >*j ' J j) 6 y uj-^ (_>^Lij,t 

Lijf LuajI ^Ljusj\ j^yjjL>J,l Jj ^ J ■ ■■ iiiJJj juLj . «4 LliLj^jjill 

C^"^) j»j_ijLl_tlll I .Uh v . Lo SjLc iuLa ilava flows ^<i.*^l cjLiajG 

j-^a^^l 5j^_>.^| 5 J I ii^ULim (jjLnILi Uaij-ie-o ^j-i-il " j' r l l JtJjo V LijJ 

.ALH 84001 

jj-LiL>iJ,( isLl)! i-3j i" I iij (jl eJJLOji (jjl "t-jj^ ^-i^ jjLui^S^ aj^^j JjUej 

4_ilc. (^jiaij i^jJI J-jJjJI o^jJ j, J «1 "i U (jlj-aj 4jjLjtja JjLLjI (^>CJ : LoLu 
^>-i.T JliLa "Lil (j,^ i(PAHs) oLiLjJI ajuJdJI 4_ijLajjVI iZjU^j^jjJU^II 

SjuJLjlII «LjjLjIJjVI lIjlj^J^jj_)jL_L4JI (jl .(jjSLIl tL^jl 1 7- iSJlJ>0 Lo 

^ v _ (j£. ij>JLj c. ..M I L^L ^LajJI (oLuj ^1 j .(PAHs) luLSI^JI 

5 J <j J :tl jLauJ».^! Sjj^jll tliLlLsJl fljLj-1 «Jl 4_LjLajj^l CjUjjj-^jjJU^I 

JoUjI J-J3>i ul -fLjVl ^ jjp.' Sh («-' lij-^l ^>^' 'lSj S'*^' 

_^-ul (IjIj^j^^I oLj^ ujji Bj^jv^l '"'l ^1-«-tl 3jujutJ| cL-uLo^VI '"'^ 'J .'J^JJ 'j 
jjj (3^ljl^ 4jSLJ _ 4jjLl!I 5_i^JjIII jLaj>.Vl Sj^^l ilsUjVl ait jjj (3^l^i» 
(jruu "Li-lj ij] i_ijEJ iiii! j j_yJI isLusVb . Lj_>_ij5LJI JJbo Jii. j jtX'. JaUjVl 

(_ya 3^>-^ j_jlllj (CjLSI^I 5jlij_«JI S-uLajjVI CjLj^j^jjJlj^I jl i" f VI 

(3^1^ 't^j if^ f ^^jc. cjLjjj.j>JI ajjft Jj^l jjLill j^ljdl 1« I» j_ysL>«it 

, ilU j CLijjL>. ^jji I-. J I imII i j 1^ aj 4jl nr ^<ij£, (_ylc. (_>uJ <Lji 

(j b ' i'* jJoLi-l jj 'l i^J :«(_^» j_^L>J,l I fi J 1^ J ijl^ n "i I iiVi u t I iij 

«Lc.i <>.■?>■ («SLjjJ (j^Sj I n, 1 if 4jl ^IjJLsLj ^"j,.V -». "i -^^ I .^j-Ljus (J-^J' 

^-Jt-j-JaJIJ . I ^ i a ^ J— i^-.' L^>^l i3Llj>JI -^J^J 4 -» -ri Li^ 

(_yJLc. (<iS!i.^l i4 I II li i_i j^Vl (j-lfi- (*S^-=t-J ijf ^oSLLo (J£^ (_yic. i-i.TTj i JLaJI 



JLX1JJ Ijjjjjdl ijisjJLl S^—ti-VI 4j_L<S^-fl (J^ <" ml VjLe_a «!)) (_^L>JLt ^ ^ j 

(jLi^jJj-L». L»jkj iMcSween, Jr. (jjj-uiSLa (^jLaj Harvey (jijL* i-iiJIj 
(j'-J-SJi 'VtPj-^' ijM CT - ^ ".!"'"' 5-«-^L^i i-Ah-^ oP-^ (J-^ 4_t^L>. 
.^jS'^jJI jLtjwVl ^ J^^jJ u-^L»i' interpretation Jjjb «I ^juiJI 
jJki lALH 84001 tA>T!-lJI j.^*->JI jLj^f J_?^ 6-* 

jJl j_»j>JI ( .ij^^ I J j" ^U->- «j i"i"(-u» 4l-»- o 3JLa^ ^jjj 1 aj 

. iiij|^>_«ja sLiitJjjs S^^je-LiS ^J^{£ J-ii^ jiLwJfcLi (Jjl^Lj 
ij\ (jjj_uiSLaj (_yfljLA ^"i"r ml idj^Ljijj lLLuLsjj (jjtjj.^ cLil -fc.il jjO j—uLj—o 
(Jj i4jjjj« 'L>.jJ a * j j-ajua ^jl^^ Sjlj^ oLvjJ jJlC (jj^Ti j«J Cjlj^_^£LII 
.(CijL^jj-^ ^-^J-^ ^ Y • • ) 4jj 'i a ^->-J-^ "^'^ * -^iP ''-^J-^ -'-^ 

lU ,^1 1,1 m") L aJ ir CjI—Ju-i dilj^jj^LIl (j! '"^ ct^J^ ^P'-^'j 

(J*^ (JjIjjji nj^ljjJI ■ a '' (_^l jljJ.1 jj-a uj^^ ijr^^ basalt irJjlJl 

i<ll'j 5 (j J _i l';, ij^La bands <i? cjLj^j^^ jUj jjf d iil II I jui 
o:L£ i jij . ALH 84001 (^3-^1 Sj>^>ll oLj^l l* j jtx- 

«(jju» (j^Ln- <il! t O - L a Tm i 1 1 Cj"ifjL>JLl (j^ (jjJol «"i i n .5Li.>JLi 4^3Lc (j! 
jj^Ju (_ylll iS-aJljJLl ^Ualll jIjlc! iJliLu.LL3 J^Li. (j.^ 4_as.:>Jl ojufc — 't 

LaJLLC tljjjSj (_^jJI 5jl^).^l 4_>-jJ (j^C (-OjSiSJI 1 ^ t mj jjf «L«JjlJI (_>ii«J 

jjjjJl tiiUjI "if L^jf L»^ 1 1 I II t Aia^j iSjLojLja ^joJI jjj , cliLjjj^SLIl 

jJti». <_yjp 

jO^'i -»■ i o It aH « I» (_y^L>JLl Jj-flj (jl ijS^ La^ ij»li>JI 

JoLajt jjl (j\f «(jji» (_y-al.^l Jjui£j .3Lt>. «LcjVI gj>t>J I J-L>. «LjjjVI 

j^j^LjsJI Sjj^jJLI (PAHs) Cil nl-sll «JuJuJI 5_jjLajjVl '"''"'J 1; '\D ' J a'' 




ej^ o' ^ JS^'^ 6^ • L^;hSLJI Ji^ ^ i^U:a < ALH 84001 e^_>jiJI 

2lLiJ>JLi Lliaj! I^JiitJij v . J « A J ^ SLj^jjSLJI Jiitlj LoJLtC Ja-ilLi (jj)^Ti 

■ « Jl o"-> .VI Jljjlj ^1" Miul jLajcI (Jj^ i^jji-VI oVLjJla-VI .1 t m i.") (jf lLLIc» 

Jj->-J JL»JL>.V i_aj_iiaj)) L4J (3^*"j L-4J^ i^jl «"U jJijJI >j (J t-i -r l"i r 11 
4^jt-i rl,l clijL^ I " ij» I r II "n (jl I ' l' i((JjJi_iJI ^ 4 i'v «ij V»j i((3l j ->. 

libJI (> (j>^J;i^ ALH 84001 <^J^I o- 31 n', ,,il.l ajj^l 

. 1 i X j 4 T-lml (jj-^L-^" ij-'-'^ S^Ju n i^j <1>^^ "^-j' ''-^J-^ 

S^j^l sLp. ^l'rii iil 

(jjo ijjSLa o^-ii^tjo 4-!Ll4 gl LscJj V -p j"l ->-l',:~,„l CjLjjj (jJJ 

i-dlljl _ 4^ J J-^l O-S-iJ - J I iilaia p g III li 'l I Jj lO^JJal jJll (j£, o^Jl*/» 

(_yJI itijinSlI (_i I n'? (_yJI »1 «1 ItJI I >aj . 4 Mi^Llll juS ^jjojJlLi (jdijaULi 

(jU (jj o I «J ^ Ij. J *>■ (j^ ijj "^1.1 !l (J n J 'r o "11 (J «I T Ti >JliL^Jajj 4jj| p j ' 

j>. _ |»3 ' "J '-'-'^J 1 1 ^ -r jLi-i Jl 4-x^L1j i" i i Ti ^"r J -^j 

51 J-w Ji3->-J J_>3- SjiiLlil (jiJjJi-UjJI (jAj^MJb 4 J-..U ...tl ifljjj,! ^ J 

4jjl li'r a CjLvjJtj CjLu^aJcuiil 4Jjl "i <i 4^j^»3e^ > ^luS^j ^£p>l (,7^ 4^Jl^ 

JSVl jjJ^I 4j^Lj _ JL>Jll . J^ijl isIjit^MI jLu'iiiVI (ja 



(jJ^-jjSJI (j! (jj-pj u' Jd "1^1 i-ilJi (*C.J «jr^J ' jd>''' SL-LSi. diliA OjLS 

ALH ^J^j—J^\ jst -«tl (j^j i|Jjt_aJLj LilLlA 4_djl_ui Zi j j^^^ UJL> * '"'j pj"* 
fUL»JI >»-A; i>*3 --^i ii'fVI Ijuk (<i£.JLj iJj! jijiSj 84001 

iSLpJI jj^^ ^1/- ,_jjjijtj V ^^itj^l j_«jJI (j! iiUL 

, 1 fiyr I II a ^ I (jt liLi/jt (_yJJ ^-r i>> lJi^^I (jt i^jJ 1 «i 

«Lj-tlsji 5j V ta (jJJ Ljj-tu lisi Lijl-J (Jj^Lj Li _h i n (jjvjJ^oj ^Lc (jj^j I II 

(JaJ->JLI (>«-^ njjlijJI (jjO tlry^ 4j^J Q\iyAl (jrU ^jljJij CjI j 4 jlr1<H 

4_Lij_uij jj-jr., it^ 0jUk 

tiJLu* CuK j!j .»Jajj L^Ij cjL>_iL>JI J<in '1j fUI i:Lt>J jjjSLjj < sedimentary 
ji^j JJj lii^ 'lP'J^' l?^ igneous ijjLi SjJt^ 

CjjjSj cjLi^j^ (jic. iijjj ilry^ij i , o Laj-a^ ^jj^j S^V ir^ ji^^' 

(j! 4 n'ilL Jt i°ii! . Jl o'i-fcVI Jaju ljJL>. Jjl^JIj (jjf^i i n (jiiijJI (Iry5^-J 

.j^l^l ^J*iILi JlijL». « Jl «i'i'wVI Juju» (jl^ (jl La JljJl90 jj* (_y2ujj La 
(_^iuu ^ ■ -»'■ (jt I ijlf <^£>XI (.7-^ 4.qjJ.^ 3l J > • (Jl <i "i '»•1 J !i "ilj 

(JjuiiiJl JjLlu-ui liUjJj -(^jVl (jk. SUjJLail SLpJl ^\ iAjLpI tj^-^^ ^iUIaVI 
ljbj.^1 jj c-fyj (_^l c_kj[jJaJI Laj SSLpJI CjLuij i J!u i— il'i^ll (j^a (_^Liil 
' ■ 'J "' "* ' '(j^lj-^l (jjjuk (Ja-9 (j^ I 'l"^J l^!j SSLlsJI jj (jt^t La_j_4£. 

(_^? j! ^J^I t,^£- '1-4-4^ 4JijJL>Jlj A <iji liiti iSLj,-h]I SUJl fl"-..! ^jjljC (jja Ij-u^ 
LijUJ iSLjjkJI (Jao! J« liiLi 4j>j_«j (_$jdl Jj 'i inti jJ-aJI (Jjl^^ 'J-*^ 

. jjjJLl (_yi£. iujjLa SLlv Jy>>j cjVI.h'-kI 4xjii insights cjIjjuvjjj 
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La (_y3 5Lj.^Li 4 <i 1 « "i a 4jj_ua. 4_j_tia^ 

".ilijj O^J^' S.-''^ 3Lx_»JI (jyj A I mJI ^^JL^ 

'- '-> -' J' J 6-^ ol 

LlsLa-il i"i "y*nl JL^ i-aiuse-a ^1^^ ^^jS S j 1 1 

(j^Sj (j' (j-* '^'^J .51 J -»iJ I (j_<i 4-^1 Ml " <i 
COSmic «(_yjj_S j^B jj^ 5 i-. l j .1 

(j^ 4_ij>JI Li^Litil jJiLJLl JaUI _ seeding 

j jU'it l (jf 3 n J n (j£. _ ^>-^T (oJLc 

converges (J-j^ Ij j 'l < Evoludon 

1 <i J^" (J!i4J L^S^ I 4-^1 Ml" a Cr'-^' ^1 ~i.iJI 

. 4^1 Ml" a ' ^ a I J 
TT)!-^ i>l I Jo-^aJ III I SI (Jat /jl 

.SL^l c^L^ .^jVl .„oL.j._jLuJi 




J,"' J' 

jl I " -^V t 1 . ^ " , .. 5l_Lj>JI J J ^ "'j 51 Mil (J^^ I : ^ J ,»1 ^ a ojL^ Ijl Loj 
(J^tj Li^ I jLa 10^' .>lLI 4 l i • ~iu<i U (jjLljsJI JjLi-« 1 ^ i _i -r «i'i 
«jJJj 2Lj.Ijjli f j /i ij\ L ljU' a SLl^sJI f.\SiLi j<i.A'A\ 

. Laj) ■) r 5l J -««ll (j J i" ij \ (3^-*J ilj L». LUjjj/ I (_yJI J-i-a^jJJ _ 

«Mrfijiit SLaU (DNA) u 
long-chain SJLuJLuJI Jj^ *l5>^ uM- -* y 'Carth life «5 j 5 



^^yL>. ijja LjjJI i^jA f-ij}-^ (J^ jij-Sujj .(deoxyribonucleic acid t>-r .n 
(^^IjVI) JojIj^I i-sVL (2rjlajjjjij ^pwVI UjkjL^ ! (j^ilLa ispirals 
.(>uj3i>JI (>u cjLI)}.^! i^ja ^Ijj! «cross-links 4— ±J1 "U 

JjO ) « jLjjj_Ji^jj » g I iij jJlj M .tl .^"t I tliLljj.j>JI i^jja i3-^' 

.(_y3JI (jSLSJI Uj <_aj_uaJj 4_ij;IaJI jju^ DNA UjJI ^ 4_J1 ,^-1 1 
DNA L,jJl S ^.i-j^U i::jU^L. JiLil^VI <_^| (>Sl^ jrLl^ .ciUjJj 

. L^^^ j-j-^ ^L;>U. 

^l"" i5j o" I II a 5j9_uaj I (j i n li i ^ i n i") (jie-i LjLj^Li- ^jLfl u _ < i iiLoa (JliLo jLjj^Vj 
. L*^j£. I j^i^ J^jj-j Liilj (J-«-iaJ I (j in« I jjl (j^ 

^ n n 4jLiJI <^ DNA UjJI i^jLijj^ ^jLa .L^LiJI ^ISju Laj-lc. 

3.1.1 II 1 1 II I 1 (j i a (J^ i_g^~LSej i^jljj liia ^jLjj^JL». 4jic ^"i ij L«jO i Li-JI i<^"i 

(j^ (_KaJ-3 tr^ J liUl L^V I jiijj .4Jlc iiLUI 4_lj>^I 4-JI ir-.~U tZjLLsLjjVI 

^LiJI jIjJLI jjiflil "i-ijaj SjLcl [j-uj3-L>JI (>a JSU (jSLaj i>jijL1)^j>JI 

3 U. -^11 ^IjjVl ijJJj) n r U frl i>< f Vl S-flLcisLi i4_iLiJI Jj-lj 4_l^UqJI 

<4jiajiJI ajuk .(jlj backbone (j;^>-ia jj-a^. (_yJJ ^aLisVLi .LijJLuaj 




Cil Ljj — >. OLj jC - "j t^^yL^Js» tj-^ DNA LtaJI ljI ijj— >■ jj-* "j 

V I < 'l J I i(T) jjj.4^Li ^fj (A) ijryjji JiJ^jiJS^I jjlSj lii. t i J . > u. t^ ajijj^ U-»^istrands 
LjaJI iiSj->- I II ii ; J ifeplication j-mUII < j U r J>C^j .(C) j mlb ^fl (G) ijrut^^l jj-i^ 

ijjUaJI LjLij_JjJI daughter strand .«u-u^JUa. jjjJj «u-sLl» JS i j «_i (»j ^^J>1=> DNA 

.parent molecule laJt^l ci^JjJI» j-a > 



I J ; 'l 3 U 1 1 ^1 jjVl Ly^-i^ Cy» 'l i_i <replication ^,,,''1 ILi 51 o m U 
l^p^ (1>^J ** ' l .^t t ^ ^ , ^jmjlI 1L0L4.J ^ji-^l <i£Li^_ui J!<-a ljujL>. l£Li^_ui 

SjLcl 4_jL»^ «La_ujjj . 4— -r ji -r in 5jj i r-i i JlJJLsJI i£;Ajjj3ir>JI 

(j-* ^'jl3^ L)i>^ SjLcI 4 i'v «ij fl (j^V i"i Jl « -a! 4-jJI I n "U cjUoLjjj'i?! 

aJL>.j II o I II Lv «i"n a iSj^AlIl i_ijljj>JI jljL£.l ijiJ i_ijlj^l 

4i.4JBj (_5jJI i_ijjj>JI ^ i3.'* h-'j'.J?^' (j^ 'Inn^ |jL>.|j (j! jl < Ml" I iiV 

JJ-ij^ .4jlj.jJI 5jj_».jJll lLUj I (j t o ^ 1 o ij t iflJL) 

LfJLLA (1>^ (j'^ Ct^ iDNA LjjJI (jLajl In" a ^ i n nll 4 jl <>r 

jjLSJij (jl (((2rLjj'5?l iyu.jj—»J\» jj^ JSU (j^Ujj 'Jr)-^ 0-* j_>.lj sn^j_>. 

i(^,^>JI (^L^l CjI iIVi" 1. Cj\j—a 3jLC dil jl «i tll ejjk lajj li ^ 

dJUJL^ ^ < II I 4j^ 

IgV i.iM j^2jj iialS ix*JI 4^1-^11 iJijUij DNA LjjJI iiijIjj^^ 

LjjJI CjL1)3-^ Jj inLij J J --'O j .(_yj>.jJj J I II ^l£ill 4 J 1«! f (j^ ( i\n II 4j^j^ 
(jjl a al ."^yi . ^(^^jej ' ^j<j Soj^ L>^ '^J-d-J^ ^J-^ Lr^! '^' 4_i^UJI DNA 

Sjuj^ j ^ JSJ DNA IjjJI LijLiO^ (j! • I 'l'""' 1 djit- (jj)<j III (^1 4jii_i<ll 

J!La ^jjeuLiMj Lc^ i4 o i/i ill JfLa 5jJL%.o 5jj i>-i i I (jjir i-^jJtlJI (j^U^ i 
(jjs I atljj fV-^' 'jL^ -^L-i^' (X>-*-^' JL«-c.i Lljl_»_ua_JI 

. .. a liJLuk (jK (jl Lj^Li. (jjS[j La SjLc) LaLj^L». jI aLj^Li. 

5 'T i^'l (j^ LUitU Jl a'i-wb _ ljJJu*j (j! DNA IjjJI «.Ij-iiJ (j^ .4.<u>J>JI 
LajlialLa Lj^LsJI tfjuk -^.J^J^' DNA IjjJI q\£ I jl La _ 4ijkL>o (j^Uj diJ-fcJ 

LjLAiJI (j^ jjui Ja. jiSj .4_ajui (j^ («^1 Lj^Li. (^ J^jJ-' DNA LjjJI ^ 

.4jUU 4jj.j_u (^^^1 4-u.2liJl dJUb J*^ * 4-*jIj,'>iU 

^ 1 ■ 5j _i i 1^ CjIj_jJu tij J --'O (j t (j^-aJ iDNA LjjJI ^ 1 I I i" 4 jl a f J^L>. 
J ' J • ■■ '^i^J^ 'I.>t!-'I— ^ 4-a- j"i t jl 4_ijlj ni r Sjj 1^1 «Ij-i-ii <CjIj <iUi1l 

U_iVI JoLliU ^^1 J*^ '.Jliill 

5 AU ajj . 4jjVI oLjjj-jjJI JL^I < ol" -cj (jl (_yjk Sj <iV-ill 



SL^aJI Jjio'l 



3jl_u9 Ljilj oj3^-A j-i-c^ I— jj_5^ " '■ j_jJl '"'^^ At^tl Ilir! i^jjjj .ajJlj 

Jjii ^^1 o^KJI 

Lcljjt ^jjj (jl ^jLgjJI L^JLSUjj i5_iL>J.I 4^Liill t^ylc ojUj I II H iSj-aJaJl 
(jji^LlJI (_j 'h <v> '.(_5^1.S!i!1 ^LjiJJI (jjtsLnll [^^^l^ jjU"!! 3_iL»ii juwjuj- 

jJLu US' i5.iioJ,l j>u tj^J -^'j^' (>»-^ 

J^l cjlj, cuU^KJI <^LIUI Ijuk .^jVl 2LU^ j^Vl 
jlj^l (jjj L^jl^i-J L-il I M -v Ij ij ■>■ 1 j I II ii'i J j - j-C l H (3^W j>-^ 

i(__>ji3LuJI (ji > Ml "i (j-a (Jj! jjk (jjj'^ — ^ o'— ^ — ^ Cr*^' J^J-^' 

3_t^ ^'jj? c-^Aj (_yJj (jjjj o' i(olj liUlI a.3L_ijj) (jJl ^LsL^yii 
.DNA LjjJI o11j>>. 5J«Jlj SlLulII 



«IgAJi taiU (t^MtAlI 

4_Jlj~< a tjM 4 nl'i «.1^_>.Vl JiJLj^ iDNA UjJl CjL4i3-^ (j_a (^ 
CjLljj.^>Jt O^ 4 i J » a ^(j-il ^-uo 4_i_^_i^ I ^ _i11 1^" 4 Wi i'i^l CjIi i j'ij jWj^I 
.4_ijL^^ CH*^' O-^l^' 4jjLj 4_jj^1s (_yi 'j-^J-^ 'jj-^ i-».< \' i4 jijlj^^— ^1 

iiiiljjj .(jh-aJI ijrJ-«-a (jjjJj^ djjlj^ Jt'-"! 4_2jjja JJLjo 4_lII^jJLI (j„<i i n" 

(1>jI^ DNA IjjiJI CjIjjJjv LijJL^ 4 U n ^1 ^IjjVt J^i^ S^-.H (j^ 

J^LSJI ^ riUlI i^i '.j,,^! il>jl^l 'j— ^ t_>^L>JI genome ^r^jij -*,JI Jlcj .L-o 

■ (^^SLtiJ (^P-II 4 1.^ (itl j-ikj iiiSL j ?» Ji L-iLl^» jitj 'm :vJ i 1 i"i^j 'i "'l 1 -^^ 

0<.i « iill t>u^iLj (JjlS 4 t j it^ll il jjfc ((SLi_>JI L_)Ll$» i_ci_ijlj (J:vl 0-*J 

4jMj (>8 I gj> i-aj^ (jjCij ^1 igenetic code (SLJL^JI) 4_ijlj^l S^n Mitl 

I i^<i ^ JJL>o (jillj iLuJLi^ 4iajl^pj3 DNA UjJI 4_jSI t' o CjljJJj_tKjj 



La .4-JI in'U 

ljr=^\ ojLSUI (J-«^ Jys iioKJI 4_Cj_4_>Jll I- ri'v^J iCjI i j -<JLi 1 ^ j <i i n 'i (_yjJI 
Oj-d.^ Juua «Lolj^l A ,'.tl ^«.^ j|^-L>-jJjj j II Jj^j3 . 4j (_^LiJI jijJoijJI 

.4_ij«JI cjLuISJI (>« 4 nl' -^1 ^^^\ j_iiSLiJ <(SLlj»JI t_)Li£» S^lj^ 'j'-VJ 
4JjL«_« iHuman Genome Project «(jj-i-JI -«.11 ^jj-jj.» j^jJuj 

.n 5^juji4a^vi 




^ j ' - ld.^j^^}.IaJU (U L^j^U AoJ} ' JL^Ujuj id-oJl J^b 

.(thymine) u?-*jJJ1 DNA UjJI UMi- j»aiLLuu ^1 



SUaJI yjl^'i 



(jU <> U J I if J 1 1 «Lij-ojelJ I ^Jj^ Ijuk (_>-u-Jj .Zl.j >J1 (jjs j_yXjLLj/l JLs-lj ' 1^ i"i 
(jj »1 n ItH Jj-2j 1 a,>if .<LLa LiJ^_^ j \ (_p3J^' ^ Ifi i m 3I j "k JI tfJLA 

^I^Vl tiru i fl I C l 4 /iljq.j<H .-.V^l A-.ll ^1^1 . u "t" (_>^jVl (jJ^. SLi>Jl 
.amino acids SjnaVl lh^LijvVI (^-Aj .3 a SV-ijuiij 3jj» ir^ olii^ 

,JxaJLj JL3.JJ iiiLpsVl (_p3L<t>.Vl i-SVT Jl>-jj (j! (jSlxJ.I (jj5 4jl (jj» 

1 gia V * I V "i I n't <±ij-teJ 4 J I V>jVl 3Li->JI Cjjjlaj JLu^ i4 jl n « U i_ijL%JlII 
(j! cr*^' '^'-y^JL>r^" ^'.J^^ Cr^ 'l SiUa JiJUiJI Ijuk Ju)j "if J ul-irt g 

tjjj oiLcLolJI (j( I ji a i >i u-iAJ IjlAj (^L^ 

oLULujVI ._,IU-. ^1 ^.SjjIaJI J,i_-^L^ o! -DNA LuJI cuUjj^ 

4 J i; II 0-S>J iSLi-^aJI ^^^-^Tj ' " ' OJ i(jj_)i>JI iJ^JaJ <l-jjl ir-i "itil 

Lj^-uSLj (jLLl^JI tj-a^ :4_i_uDjVl g| j"^] ! j^-i-t» a -" ^ (3 ^ 4_ij_uLj_oVI 

1 ^ ...Al CjLjj^_>JI ^I jjl (jjSo h a 3 1 ^ nj »" (_,jJI I J I a^ J—^ 

^ J J »~ I I g I n li 1 4_ulj^l 3j li i'ill j>.> ■in.rn.ujj i4jjl a" a 4jiJ «LjuojVI 3lj jjjus 

JjLaill (jl .dialect ist^UI jl accent j_Lij .1^1 nA.t'i express 

(_^l 4_ijlj^l 5j Millj DNA UjiJ planetary oneness i <.^\ 

(ji LLJ^. iSjLs-^l oj-A ^.i Ij .<Lj_u3jVI 5l J "kII 5Ju3.j (j£, (La-Li-ta-ij CjJLjtlj 
4^ JLfTelLcuJll 4jiUI ojuk Cjj^Ja (_Li^J i(_^jVI (j;-!^ SLi^>JI '''l ' ''j'^ .^JL:«J 
j-j_2j .31 J "kJI 4 J i'r-ijl V UoLa->l (j" '^•j .t-i^jSLIl ^L>.j( a-*^ 

2 J i>> jVI SLjsJI JK Mil j^JlSI I JLJJ -»-"itl I j' 4 rtUlll di La- j-aA'll J-J-*^ 

. L^ji^. jij)~itll 1 i ['v aj (^^1 



Ifl 



jil I 4^ Sts» J*A ^Ul W 

p^irTt (_^^>Jl (2>jI^I '^L'tS^ jl J "f Ljj . Lfcj^Jojj Lgjj MiM I ■ 1 a"'^ jjl 

4_>.ji OJ J > jJj J .1 ^ I (J II j <ij i<_ia_ijJI Ijl^Jj .4j1 i j -w ^ji olj j «"n _ 5 '-^J^ - 
(J« t.tj . I CjLtil^^La 4jI i^ii "i II i_yase-aj 4 j ■yjl diLulSLIl AjLulIlII 

4jjUI l-o^ OJ '^''•'i.' Jj j DNA UjJI 5jLc tjjit-i'ri^j 'i! ^*43 tiiUj 

.(°) ((j^l RNA u jJI <^jl; -b 

jjjijj iDNA UjJI SjjJLLa ULSjJo «Ujjij iRNA LjjJI ciilli^j>. j»j-2j 

Lu^ij DNA UjJI oLij)-^ ^ ilj-a-^JLI 4_il j^l cjL^^I 
(mRNA Jl— u,jai UjJI >4.j) RNA UjJI j^l^t j-^] (>-*d3 

^I^Vl I o Ml iCjLi_uj)^_JI I g J i I <-<" (_P-II ^IjJLI 4_j3lj^l CjL^j> UtI 

(ribosomal RNA (j_^L_u^l U^JIj transfer RNA Jlllll UjJI) eO— 

CjL»jl«t,l RNA UjJI ^1^1 o *». .(jAJ<[>^l ^^-Aj>-^ ^Jjua JlcLuij 

master copy «4 jlint 4Je .ii'i» j-Ajj Uji iDNA UjJI oLjj)^ olj" -s U 

^ 'o ijjj^_L^Vl £^Jl2jl]I J^La>j (j^lSJU <Lu3L>JI dii ij'^tl CjLtilj^i_/a 

J. 5 Ah ^11 ^Ij-.Vl ei"ifT^RNA U^l cjL4.>^o>^^>^I 

iLalSJI 4jJI^:m <j»jjLoJI ij$ 5f.l^ 'j-^*^ iCj'ifUJI (_>iaJ>J .4_l»JI 

.(_y^l ^_5-JI I (3^*"-' ^ JJL>ij (_^l CjI M-rl! 

Sal . ..t 1 I UjiJ[jj (_7^l ' * 1 i"^ 'J*^ (IA^ 3.5>i>^I U5:H^J^3:H^^ O "J "J "* ^ ""•■^ " ''JJ ' 

cjjI .4__i aJI cjLjjLSJI ^ «jj-^^i L>H evolutionary distance 3^jU-,tl 

(jJJ .(jrt^UI (jJ-J^' J>Ux Oj>^t ^pJI 4jjj^iaaJI iIjLsLuiil CjLuLjS 

SjjJlII i''' * iJiilJLj • 4 I i'i-^jVl si J -k JI L^j cjLuu ^—uLiSLl] 1 "' i j "o ^jj-* 
5jljJlx. cjI^jjji (Jj/ (_f jJI <(_$j_iJI 4- « -«iL>- Woese jjj JjL^ iijL»jLi 
4JL4JI j-Uoij .4 A l' -^JLI 4-i_-KJI cjU^KJI RNA UjJI i^ljjJ 4jL_l^ 

1 ^ , : a 4 jiiij'ijJI 4jIj i n 1" jjj jjiti .alj -»,|| 4jAjSLI SJuLjJI 4j|[^I 

(>.CjL LUt ,..uJI 

. 4jjtj)t^'"ill Ll>.^^jjJI f.Lt\c i(jVI J^l^ jjf* 4jl (ft^j 




iIjLuIju (jjSi) .eukaryotes St^l cjLi_S_Li^ j prokaryotes 5(^1 cjLjjIjlj ijrjil 
iiyi (4_jjLj}_JLi aSl^l 4_«_LiL)) prokaryote i^W u,^) 

2_jL>JI J-LA-a '^'-*-JJ ti? 1 1 Ji_i_>- ?.aJ--r-« fll^ (j-lc t^ J "i ' H ' v SJlj^j 

^La (>a ^ySJ^\ Jicj .4_tikJLi S^LiJI DNA LjJI cjLij)^ JiLil^MJ 

< L4L0 ^^Jj 'l ■%,'\ il : Ijl-lj». Sjjut-a ijjjf i'l LaL^L»- » ^ (jSD 

(<ij I Ia .4jLiJLi (_,<»L>JI DNA LijJI jijloj membrane fLiii-i SjjjLaji 

1^1« IjJiS iili. jjuaau ij'lj ,_^L>J1 DNA LjjJI j^Jj jl Sljlil CjLjijisJ 

i_5^t ^jfjj (jlt ljt-i<i"i SljlJI 4 jii LMiJI SjJLia-s ^ijj^ -iJ^J Lr'l 

iJuLloj i^jp jjjJI »1 irirVl») organelles oLtijJl «i i nl iljus" 

slime t^jjjJI (>fl-»Jlj ifungi tiiLyJaiJIj iCiLiLlIlj ""'^''j j -^'^ '.SljjJl dil j S j S ^ 
(j-a Luaji ljjLxltLij .4.jl^lt Sj_l».j oLolSJI j;^ loj-cj imold 

Ij-^jtj j'll 4jju^^I 4_u^IjjJI iIjIjj^I jjCi La . L^L>JI SjLiJL£, SjGaJLI 

I * ''-^ Hi f (Jjuaj L4JJ "f itt (J o I Vij iBIjJlII dil—uIjLi (_,Xc f^).^^) 

"r li" iiiLIj ^[ 4_3l_u3yLij .jj (j l^ll j I iiiVl <"i "iL$ L^l jjjs juV tSljlIl 

(jiiij .Sljlll S-tdSJ-lj». 5Jl9.(j 4_ii>- (jfl «IjjJI CjLuIjLi 4 lili >Jll ^'^Vl 

tiJlj (J i.il mi ^ Jj-^J jjj JjL^ 1^1 "i' i i iVI Ijuk Jaj». »^„i,.ila iJLjw 

f_ykj - Lj^ j "i'v i w ij^<i-u3 A ei'i inti 4 j -fcll CiLuliJI (_>iuJ jt jjj da^V .Sl_|-»JI 

LijJI I j_u^ < ^l'fAej RNA Lij >'l.l'i<" . prototypical io^jj^uJI Sl^l cjLuIjlj 

aL_i_>Jl JaL«jf lUlj ^In o i ii i i jjl 4_i_>JI CjLuISJI oJLA j -r "i 



gjjoJI SU» ^ 



i(«3-liI*JI Lijj'rCJI» J?) Archaebacteria JjLi*J1 ^\ jjj «ul^ j-Uol , 5 , .-^J ^} 
L^JLaj . Ljj-pSLJI jjruj L4I1J i_>iLiiJI (■ Archaea cjLiSjVL jVI ^ ^ . „ - 

RNA Upl cjLJIjILcj (3^* "'J 1 1 J 4j I riLuI 5jj ini — 5l^l cjLjjIju L<iL«j 
superkingdom «Lk. 4SLU^» 4-Li>j» ri i-^^jl^l i^jj ^1 -Lgia ^ 

J o ^^j pi.i nn i(^) j j A .1 ^ f ^ 4juJl^I C^) JUlII J>Li Jlja 

cjLsLuiJII cjLujLl^ cjj! .Sl^IIl cijI J J n -wj >Lij.j "i'v.lJIj iCjLj^jVI :domains 

iLj^j"X jtl (jji (jniiri J^VI iCjLl^jVI jjjO SI^I (Jljtaij-isw 

jilaj (jL^ La (^4^ Cj j^Lj ij\ (jc AjjJI 3. > it_) W^,?^ (>« (*^>" Cj^J 

Archaea-eukaryote «Ijill oLl-Lj-oj». _ iiiiLiS'jVI 3J>Lui ^ L^jf d; "(-L.i.rt _ 
(^) i^jLs. iSl^-Lll «U-S-lL». Lj^LiJI 1 ilf ! ^ ,-.1 J ,^«11 jj^j jL^ L«jj .lineage 



ijjlju Lj>U> JxiJlj 51 jjl lj>LiJI 

aj^SUI 4 m J jjjLS iCjL^jVI jl^-I 4JUISLII sequencing SilJluJI 

.«^ . j»» L*jLAli.l (jSUj (jlJI < Methanococcus jannaschii ijJiljLjJI i-uliull 

JJUlII jjjs / Y WTA fjl^ 4j iTuLjLjJI 4jjlijJ.I ajjSHI (*J-4H^ l5>^^ 

ji^l 4jjij ^ il ij-v \ WA 4^ jjjij . |_g^ Ml j»jja:>JI j_y3 «-Sj-s-J JJl^l (jJ^' 

CjLu-»JI j "j .aljjl dil J ii J ri -v. j( al^jjl CjLuIjij J— l5' ^ J i-iJl 
i_i cr4-^ 'L-^^ Jji_iJLi L^oJ 4 j ■j'uljL>JI 'i jU «jjSUlI jjl 4 j n i'rU 



1*4 




"•' ^ tLi;j"^ 'ttj iLjU^jVl :d_CLCSjVI *UjhJj ^jjjLIt» ^Ujt^-^-tt ^^jJt j-^laJ 

o\ Ji^V .a_4— >JI CjLuLSJI RNA Ljptj DNA LjjJl tj^ij *LjL_*i_UI j^J^ pLb 

(^j-uoj ij^jL^ O^y^) «ji^i^l U:^^ i^^Lui] ^^^23 JJultj 4LjLjj^iLt^l CjVju» 

.(5_J,L»JI 5 -r- ,^11 4 oh',») jL^^I ^iUW fi^^l 0-^ ^ ^\ J o ,„j (*) 

tUj ^cj^^^l ^ ^" i^iil (_^LJIj i(;jLLj 4jjSLaj jLjJu>Jl l'r^ll 4_LLiJlj ^-.l-»-IU.^H 

.SjLi)?! »^>J I jJ -t^^Sjl ^l U .^ ill a^^vUlj a^u^i Jj^S/l 



lis 



ji 

Jl« I gfirt -fl Slflj^ ilijLitj (j! 5 jMiULaJI iajlijll SjjSUI oJl^ il)^^ ■ /ij*? 

I II 7,j\ j -^t l i1jLj>.jj 4_i cjLljL^ (_yjkj ihyperthermophiles 
vents 4_ujjj? (jiiljjti <-rU-^ ijr'! 4_LjiljL>JI AjjLiLJll SjjSm (J nj «"t .^Lfljj"ifl 

i ^ ^AY j»L£. (_yflj ■ " ' 1 1 »1 1.^ fi"i I iiVI LoLftj Sjljjlj > j ^ 

(2>» 3iJ->.lj 1 Alvin «(jiAlI» 4 J »l<!t 4 ii j o tll jL»_JI 4_u3l^^ Ci-tjLii^ 

(_yfl Lr}J-j-< j 1 ^ i4_i_>.jJj_i_jJI <JijL«j^U (>u£LijlS[jJ,l JI U .VI 

(jjs CjLcj), a -r.gj 4lsL>J.lj nVi i -s 1,1 ^LS (^Js Sjj^^l 4_jjj_ijVI CjIj 'v litl 
l>5 4ijLii 3j J I r-i J (jljjjJLi 4^ j > Mit l 4_u;JiJI CjL^^iiJLI 

tjjAlI 4_i^ljjJI I fl" il-». (_pjl jl^l (j^j^jj_jj^l jj-t J^J .|<ia.j3jl iLijjja 

iajjjJLl i4jj1UL>JI AjjlJuIl 5jjSUI jjkj '"Jy-J^ (1>jL^(jJlc. -^1 — H (_^l 

Y • Oj ^ Y • (jrl_) j-jIj—Ij ej\j 3. jlIc J-AJp (jH-I'j '0^' I ' ^ 

1 ti» l^'^ j_;^La 0:>iJj i^4jjAj9 4_jk.jj \ ' o > ^jJi) '" jl j 'J j * 

^1-^ ■ "II 4j «i" I lU |_^jLll |_^j^>JI . t-> « ■ ^tl 

itiiJj "ifjLjj . Jr^;*_4^Vl JLaTL.-^! 4_i_iLjL>JI 4_uliLj.l SjjSUI ^^U'.lm'i 'i? 

(_yic J . . 0 " r t"t (j! • L^jlo_^ Laj j "i <"t »1 J jtl (jiljlil ^jM ^ li" 

L^IjIjuhI 4_uiljL>JI ajjLjjII SjjSUI j g" I n't «solar energy 5 j ■■■ -i ■'^■H i^LlaJI 

.Q^jjSL!l .n I X! (jjl^J (jyv^^i >J jtl tjJJ 4jjl j a j'v tl di^LcLilSI lisLlaJI 
^«_ij<l ((4_Lil "i jtil» ili^al J J iiri 'l jU jLA diM-cLilil o JlA ^ ^ « ■ 

ii" 1 11*^ g-''-^ (1)^-^' 5^ ^ 4 ii j(i>. 4j inULaJI S^M". ,1 1 Sjj^UI 

cjljLiill jjjjj Aj i jL£ ,2>^ >^j^ L-*^ LoUj imetabolism 

l_$jLll jL-iJI-j IjU». 4 j miII i-;^J>S (jl 'i (j! jl i 'i f Lij -> . .. <Vl 

4 j uiCLyJI 4_uL1jJ.I Sj^SUU 5 j.M ...Vl oLiU^JI (jLa 4^.>-V"i ..uj 

i4^j M "i CjLSjVIj ii_u^JlII ^^ISLII I ji^I (jSL»jj . jaS^f 4jjiIjJ i n't 

Jj^ j»|jLaLJ-o/Li jtill ^Ijjy J-<^! cr'! 4jL^I ^ Ljj-ip (j! 

''•■jl'll 4jj 1 11 o lorganic pathways 




.i-JUIl Sjlj^l oL>.jjJ kxj>l\ [j j r,< CjLijVl ^Ijj! (jr^ 4_ulll «Uvjt 

j-rLUI jjpj (jf I nir ^! )jj> ;ftA>" •'^■^ (>* (J "^ - «1 ^ ^d>ij^' 

Sljlll Cjl jrt_f n-k. iijLSJI AjjJaii] CjJl3- La (_yJl jJajI) j^j.a ^l'ir" r iil 

' »1 " i « I LyJI Jjjijjj «Ljjijaj j^l"." ...V I ijLfl ((!5l^iJI oLljIjj (j-* '^JLjiaJ 
(_ya 4_u_jjjVl ''«Ij .^tl '"'J cP'J^' 5Ltj>JI jij-»-<3 (_yJjl ij^ 

^l^t ^lAasj 4i.ftAja 'J — 'tl (jj3 SjLaJI «Liil j^JUj (-(j-w i4 ii jo<!l jl -r jtl 

_ Sj^LiJI (jisjS/l (jt La tir 4_u jL>- ji£f ^I"m i .iVI Ijuk ^J-uajJ 

,2Llx1I 4^J^I i»L>Jl jl^l S , 1 ^ X J i'Pij.^mW jl— <Lu^^^l 

. 4al Vill Ljjj^)^ 4jiSLl iljL3> L)jii<i ljjLL<aua djLli£.l 

jLjjL_>jj i-fll Mi'i ^1 uj J >jJ J J .1^1 'ij'-^j-'^ Cy^ ' "'^'j u>-^ J',^ 

< ■■a-iii ijJuC jjjIjJI (jj-i^i (j^ Cjl j'n< ici i l l JLdC J^ii-J .(>LtLus^l Lifl^Lut jLacl 

iChallciiger ((_gjLstm) j^tllLiu 4jjUaj;_JI Sijtii.itl JL* (jjj^^l fUkJI 
ijLfcjJI jL»£.( CjLi^L-r <i I 4 t 't c icA t-ij->Jll (jl tj^i (j-o muck J^jJI jjj cjLLlc 
j^L) f.UL»JI (jiuu (jl^ lijJI .Primordial ooze (_ySljuJI u^JI ^1 j_Slaj 
SLusJI jj-us (j! ' ^" 'J Urschleim ^^o^Vl Ja^jJI "al .':.'<'l ^ 



cjIj j ;-'JI j-i^! j-^'jJj '■j^ ck-^ ilv 'J-*-*! 0^ (jr^ j! ,.-. iu_, ^tj 

(j^ ''J J ' ^ CjL.j «i'C I (_^j^>Jl i_3^LiJI «CjjjJ» 4 J 3Li.j>JI (jl ijj-flj . I --J J 

^ 4_tiLtaJI 5 j-iiiiJLl «-l-ajjJI Lj^-pSLJI Qji j-i-i^ JJlX. 4_ailj! ^ jJI ...^Vl 
tLji_iJ| jli 3^ ilij-a- t^jJi ««iij^l» Ijuk .iJIjIU j_-vJLl 

,..C Vl (^1) anaerobic 4_ij|^MJI [jj fK, W <.,[£.] 

i^2uj_ij_il\ «Jutll lSjM (1)^'-«' cj-^ >^ Ig «.' (ji (>i (<i£-jJI 

.jii^! j! s : . ,. (j-u^ 4juj! Jj^ i5Lt>JI tjJaj JlI^. 4j1c CxjK La^ i rtl'V a 

- .U , . ... ^ cjLfl_Ja (>a frUI jJLa-ui CxjjSLj 1 sedimentary rocks 
JU^.ALH 84001 ,^J_uJI iJL^(^ Lblj . debris ^Lk^l 

*Cr^ lSI u' (>» "^1 (j' Li:^ V jl L;Ju>J (4j:K>JI) 4jjUI j^ie^l 

5L_L^I JaLftjf jj '"J '.' (jjj-II '4 flj.l n II I J y jl j) J jl l »1 j^J J_it 
,^1 ifrlj^l ,^1 AjSjj-xl,\ «Lt^JI j>i-a jkJLaf ^jjljj jj^L^I oijjl iCjLj l i-sl l 

(jSLaj 5Lu>JI cLsU^Vl jL^i iJU. ,_yLcj .JsVl 4J^ y^;^ ^ > ° 

I ^ 'a J «'l (jJcj i*jLJ j lJ-^Wj "lP^J^' Lr^ SLi->JI (jyJjl 4_ijj_uaj j 1 " «"t (jl 

2L>.jJU 5 .Ulj cljj^^ L^l (j-a L^l i «J L*^ ifossils CjLj li -r 's 

SLljsJI (jjj lU ilalAjVI (jl JlSjJ,I 4 I i"i (j-oj .(JjjiiLu. L»_a ph" n L^Li- 
3 | M , .< mixtures Sjvj^l jj-a cLlIj Jj-Sj i4j3-»J ^.iloj Sjjjiia L)^L>. (j-a CxjjSj 
.precellular 4jjL>JI Jj^ lt-V" StL?-^ (j a 4_j_J. Sj j i^i 5j j m-»- a 

Ij i.ijl (jJ^ (jr^ ' - "^ ''''" ' '^ 1 tp-'b 'O^J^I '^■J^J tp-" jjit^l ,»J^I 

j-cisLaJl li'^j (j£, I « i'i 4 , :; ^ iaj>Lb;^ Isua formation 

La Jl-J^ cr^ 4 flji I nll Llj>.jJ^j_lII cLaic. (JJa i Jj.^ i^J-^ Cr^J .4jjji (jjf^ 



11« 



ALH 84001 (^3^1 jLit cj^j^j .(_^L^ jrlill^l ^^1 i>aj::JI ojj 

3l_i_>JI CjI Jj I a, I ir iSJll* (2ry^Lj 1 , o J T , A (j^J La J; ^ 1. 1 1 j-jL-iJI» 
S J M I ir a LijL>.l "i Ti i (f\ o^S-J <jl <- i.-r i tAJuju (^ry^Lj X ,A (_yic LAj a f 



(j^j^iLi i , O jjej j_jJ| I « J a'>- t-Aj-jitc "tjSj—tlll jL*_>.VI I II a '"itl 

>(4Juai jj^j^Lj 1 , Y j^se-ij J a ntl ^t-i i n CjJLs-j lt"^' jj *► ■■^^I jaJLSlj t ^4 i I .» 

LjjJ JLp-^JI j /uli >«JI lALH 84001 (_^JaHI jjt^l j 
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(.-l^jSLIl LjoL»J ' ^ I " 4_»jlj_jJI 3jJ_u3 ijjLSJll ojjt ^_yC ^"H j 

'• I jJ ml JujLSeoJI Sjll». jLstjJ >^lj^ Ui^>^ f->i^' lP'J^^ •fj*'' AijJU (^jJI 

4_i_LojVl 5 J ^11 i-sLcuJejV 4 -r J "'l mid-ocean ridges .-.lU^ I . ^.^-^t, 
5jLj>.iyi J'^" cosmic debris <_yjjSLll j»LIa^l Jl^ c<jLS .1 ^S?l oUj 

Lal m'».! LiJLlA (jt L*^ ^* (J^ j> I u I n" (Jj^l (*-*^ CjJ! ^d'" 

a juk CjjIj .«lijj/ (jj jlfl (JS^ 5i 1 ji I r CjIj-jo i_ij_L<aj tloLS j _i X i j-j-^I 

(jfU »1 rtll J>^>ll ' " <-.lfJ ^' ml ^jL^JJI ^ Cj^LiIjJI 

.^j'l^j Bjju ^!<^l I X ^Lu».! J* CjLal^jj^l ■ '-^^ ^LiJLjj 

3jj if^i (JSLij (i^ Mijtl (JIjl3| 1 'm m I II I I jl) I II I ii't CjjIj i_a5^ ij^' 

jjjSuj «LjjIjuJI (_p3j5iU ;_5j^>JI i_a^LiJI jjlS .^^ri-^iii^Vlj Lr>->-_j>ijJI u-* «u^LjiI 
iJa^ 5j .11 * " '"'^j J '"'^ Jl^j t(2^^Jl>-^^ J UJtL/^' j j 1 11^! tr^^ LuLut 

3JLa JlLs (- i «1 1 (.7^1 l3jUjLuJI CjLjsUaJjVI ^ ■ ^ ->- 4jL^ (jj .4^.)Lu3jl j>l I II "^Vl 

(J!L»j ijj^LaJI LuSj ijj^ 4Jjj< (jrJJ^ t J 4Juj/ (^^u^ V' , A ij^j ^jljjj l^jl jJ-2j 
. 4 i I II (>u^Ij i , o jila 4;ij^Lu<Vl L^l^Luilj l^al-y-».! ^-i^J^ C7-^'j 

(>i dU jl^j . a_j5ljLJI cJijL^ ^1 cjULkjjVl ^! cjjI Luj 

iTj-alajjl liJjLjilLa <JL>. (_yl£.J .i-j^ljSLIl (j-u »i ir> lili (_^l t l^j^J ljjj>.jja 

jjjo (_y3j . (j^' i—i^ljSLIl (_yJI 1 jl»j*jJLI (j^j^£Lll jjiii^i (.yjljj .ijl-^ll 

I jl La j»! cjj- 4 . " i i iiIj ciLiij jJh SLpJI Cjj[£ I jj La ,,> <i"i f I L»jj njjjS^^SLIl 

l_^jj>JI (_3^L*JI I n I n't jl (_il-v. <"iUr JL^ Sjiim'ijJI AjjI^III CjLaLLajj'^l Cjj\£ 

.(jru^jSUI jiajji! volatiles S^Uolll jI^I ^yi a>ic.j 

(jl_L^^J_LJ>Jlj (jj J<liilt ^Lj! (.^j— II I J .1 rtll jjLojyi l-fll niK'l ml jjl 

J -l'" J iJl»iJ 4_2ill jj^it II Ljjlji^ ij <i iill j«JL«ja jjjo J 1 1 jL«^t Jl_jJL>»j 

I JlA (Jii-aJj .4_fl_ti»JI i"<l «I U'jVI 5 , 4jL^ 4jf Cil ilui ^ 



Jj-^jji Aj p' basins jjolj^Vl L^j-s clujSj (_pJI 3 i - ». 1 1 4jL^ o\jJI 

(3j_>Ja (2>^J • 4 'm lili J 4J_j_aJ| j^ru 5 j ■ ■ ^ Cil «Uojjl ii J >«J ^«J i(jrtj>JI 

jJljj .^jjJLIj o^jVl ^ . .. A". ^£>LlJ( jli- I i i'^ «i.i iextrapolation frljn'n.VI 

Sjjjuaj 4^1 1 m' « cjl^ L^I Ju^ i-fljjJaJl (jf l^>Jiij I jrtt-iia pljii'iniVI Ijuk 
JUU La j_yi>. JjUa& jljbo ^ ■■■i ■'^■H |»Llail( «^'j-*-? J-J-»^ ct^ 4aLc. 

4_l3 cJlcJt i»UiiJI tu^ ijjSj i^jJI oS^I JiUw i^j^Jll 

Jj! dL^Jul j^j .LJijjL». i_^ljSJI lOh^' i»Llx>JI cjMjIj 

4 lijitU CjLaUajjVI ^ ■"■^"■"'1 . .. .) ,':,t l ^Uaill j «f 4jjj/ (jjJ-a V * ' 

(j Hi 4 nJI :1l ^ Ls-^-*^' (»LI<x>Jl i-Ji.! jV (intense bombardment 
5j_lfl J^L-i-j .(J n. «.c'iill c-'SjSLIl obj-^ jl a j-« jJoLilu V Sj^Ij orbits 

j^Ac liiJJLaJI jjU Ijjaf CjLaUajj^l C.nr nfi! liJtlll 4 i i n c>ljiLi V , A Jl 

(j^_tLa "Vo cjIj^-uoLujJLi tiLUa (^jJI oilj (J!la ii_fj_iSJI oLollajjVI (j! 

.oUUajjVI JUU aLpJI JUS i-nnj ^1 oLljlSUJ 

Ujj i4_jjljl_Jl (jojVl SjLjI 1,1 11 4 il?i"iUj 3_fl_tijJI i_3jj^>JaJI Jlo j_y3 

4j_i5i jj-aj .j»;*.^! JjLa ^ ii i-« - ,_)IojVIj 

CjI^-Joc - Ij.i 1 1' ' ji'^'' '^^j (^1 ' ^ 4^ L»- 3Lij>JI 

o J ''l (jj) ^" (ji tt.U (jjaj .4_ajM-tl i-3j_;JaJI <.'• -s" frj) i^i i 1 1 _ ^Ll^ (jj i mil 

CjI^^oAJI (.lLLj jjj» ni «n < " I 'l 1 1 r^" 4_ul jljJI (_>i3jVl (jJ^ 4Juj< (jj_iLo v • • 

(jjO 31 J ->ill fjln 4jprtj9 jjV i<-i JiiJ CjLaliajjVI CjjsIS lili j^j .4-iJL«}Jl 
jjJe-uaJI o J>«^J ii-^ Ujj ^o^jVI jj;-ll J? < jj>il (^1 u^jVl 

lobAI i_aVT jt iCiLla j! iCjIjjiic Jj i3jl».1j 3^ lO*"' *-. '^I_^ 

^ <jA-»-J • jiUajjV! i i'i iii'i ^joJI jj v 1/1 tl JJuc (jlc. Ijl o "i f I 

t-j^jiJl 3l \ a JI 5jlj_<ii J I t Ml} fljjii (3^1 CiLiLa-ii <,.ilf! '-l - 'o 

(jf ^j-J-3j jj ^ 1 ^1 1 «4_taSj$LJI (jrtJ» O^L>.^l j_tj5JI «II (jLi iJbJLsJI 
(jl t4 «ij. I iill 5 J VjjJLI 3l_i_>Jl ol 'm r J» nlU i.'iiilj L4JJ 5_ajl (_)i3jVl 



1 o 3j I " ij j U"j cjI i) 1 (jjj jLj'i? tiJUj ^L-i^l Cl «11 

\ UjJUkj i4_LiJbjVl SIjtH 4!iMiJI lLsU^VI U3j_«j JkSj (^"i?! Lal 

Jj»_3 1 o ^ > j! I II 'l ij\ I i i'v <1J ii-dj, "i Ml u I (jli^V ilij< Y , A J-J^J 

LLI (_;,— ik 4 i>< -».U 4 (i J SLpJI CjLiij I rtj^ : I il 1« (jj^.j'i'vll 

j<ilc) 1 J -t-jJj— uj^j "Cj I,L juJI c jjij iBaross (jjjjL ijj— ^ J j ^ ■ .|_^jjLj V 

^ JJLC lLJLIA» :5l j -».11 JJ-i-'» jaJl-^Lj J J I ■•>■ J (jl-l i Milj 4_«_oL>. (j<ixj|j_»JI 
(jl . « SJLoJLjaJl I (JIjLajjjIJu— ijJI (j_o j j "i^ll iJJLLAj i Cj Licini II jjjj ^ ^^"-1 j'» 
fjjZ J" «1 "n 4j| 4jL4iJI >"i jTi L^j Slj -hII (JjusLj *"^i^ (JIJ-ijJI 4jLa.VI 

_ (^jjj j^*^ J^'-5 encapsulated «LaliLa Lwj _ i_psjVl i-.K^j 5Ll>JI o! 
oL£jVl (j? j' i^W^j'^' 4£lJl<u t^j-ll tiUjij I Ml LajM-w ciiWS ijiJL^ L^!j 

^ ' ' i(_p3jVI SLl>JI 4j OLJuj (.^jJI jjJj-aVI I l-i <i i 1 1 jjjo 4aj^ ijj^ -''^ 

. Ijj'a (J-«tj (j' LuSUj Urschleim ,_yLi-aVI J^jJI (y> 4jIj^I (ya jjiS 

-1*^1 (JljUaj->JLl CjI Mi l Jl^ SLjjjJI Cjji£ I j| La p l«"i V ^ — : I J «aj 
^ j»! ij_pajVlj tfLjJLl oru ijLSljJI JjJLjJI ,_yk: j»f .(j'^?! iTjLi^jVI j-uij i.-M->. 

I : , „J \ (_^l Llj>. jJ j-i.^ I Uj-jJtj juJ! (jSJj . Laj_lc. ^JJ-^\ cjL!Ljj 
Sjjiil 4jaljJI ponds tll^l ^_y^ cul j.j 5Ll>JI jjL 4jjiL!iJI i^jjuLI 

CjLuIjU Cjjjiaj SljjJI tUjL-Lj-j-aj». (ji «d-S-i-ia.)) Ji^a I j I"' "J ?tidal pools 
I ' 1 j'" (]^mi -»0 Jjuxiij i4jjJ.I ^^psI^^VI 4j_^J^ 4-'^i^ f '- 1 j'ij (jl i3lj-iJI 

.4jjIjjJI 4_P=jV| j_y3 SojLu, ill^l^ j^l I Aj ^U\t 

jJLilLi L^J^J Cl i\i ^"i JL3 (jSj ^ 4jju3jVI 5j iliiill (jV ij_>IajVI ^Jjlj [jji Sj^Lill 



^U:IUVI Jaj-aJl,! < rtir-<"((.aj Sj^jJLI ^ ^ . -i «t l JLljJI SJLuLui La jLjs. 4 I 

Jii ml jj_o 3_ul£j_JI jI^I seepJJj ^ '(»>iJ' ->>^J^' mid-Atlantic ridge 

(jOSLijjoVI LjJjjIj Ljjj_^I SjL^L^j r . j i 4_jju3jVI iill ajJ^Vi i(_yl£.^U 

<j_cL>. LiJ>.jJj_tij^^SLjj (<JLc iPace ^^j^^j jLaj^ J>-2j . ^^Ji^Lfl 

'tlA^ cr^^jj (sludge SL^) (J:>-3J jS^» JjL^ j-« J*^ Lujj^L£ 

5_uljaj<JI CjMcI rt'.ll CjjJuaJ (jJUlIl j-^^i >4 .(^j in <1l jLaJb 

jjhia L?-^-J .«SLljJI r J (_yJI cS'j^'j 'S j'i, I «II Cjl I J I - >J1 u I II 

j-cis^l cjLS Lojj ..Uj-wH ^ hot spot «SJowLiJi Sjiij» ^jLa ^jjijj 

i L^^^JjLi jjjo 4jL>11 ' ^ ^_y3 J i La -'J J "^.'J • *^f^>iJ' Mil (_g jJI 

(jJI «LsI—usVLj iSijjJI Cj Lj-i-J-L^. J «IjjJI CjLjjIju 4_uju3jVI SLi.j>J( >"iTr "i 'l I 
CjLOJI (jJI j-iilSJ |_)^jVl CLl!i\£ LaJUt iSjjLiJI i_jLS_i.Vl lLUj .CjU^jVI 

^ -A^jj cjjLS JjuiJLi 2Li>l!iJI 3j_p._jJI cjLLjJI tjl^ 4SLil<ti jJI tij'-^' 

JIJjji i._M-^j jjl iDarwin jjjjlj jJjLiij Jj -V"i L«i^ iKaj-aJLLo ilal^ ^>^" 
.j-iS] 4Jj a 1 n_i «ilc L ij >i tidal-pond 4jjJLI i-iJ^-JI 4jjiaj j-^jj o'-^ Lajj 

5Lj_=tJLl J— iU long-chain molecules 31 .nlm U iLjJcJI cjI—jj^-sJI j^Sj 

jJLjus^I CjL1j3->JI (j^ i_aVT tZjLLa ^1 '• L^ia (JS^ |_gj) "i -X J i4 J i^jVI 

(_£jj_ill (jL«_t3j i_fllj^ s CjIj^j dil^^ 1 ^ ni A t 5ji_^£La 1 1 «I "y»- 

.iljjlo (J^^Lui I ^ III <i'i (_jSL! Sj-tpjSLIl i^Ljj^.*!! 5jLL«-« (j^Lal 4jjl1I 

t!>LlaVI SjLcIj i rtj ii-»-"i!l (j^ 4_JLli^ CjIjjJL! basins (jlsIj^a-Vl aj-4> ^^^JLJJ 

tUl I ^j"*^ iSj-^ 0^^' lOl u J -».1,1 3^-«-^' (jr^ '"'j-* t.^a->JI 

Jl 'J-il-L. j .■- -* JI (>a J-^H^ crS^lJi9 I^J^ II, 

yLc 51 i.a.1 iiJI CjLjj^_:>JI pjt^ '"i ^^Lc rewetting JiJI 



evolutionary «jJt IjJL^ Jj_flJLi - .-.U 5 : ,,. 

I jl 4jl tlrs^' 6-* 6^ a "' " ' J ^ 3 j jj-^ u' i>« I i iS L«iJ idevelopment 

tj^jjSLj LiUj ^^^j_tjil l A i n ^jl 3Li_sciJ (Jjfc ' 4jL*-u Qj J i t ' ^ . ^ . 

«LijaJJ 3 J, u" a extinctions CjLusIj^Ij 5j j t ~r a Cjlc-jjij Jl i" 1 j- j~j 
cjLjj3_>JI (jl jLjJLcLj . I cP-ij! (j^l J ii !Lij n_p3jVl ^t'- 

jjfc ((LAjLial ji L^.i V" I iil» j\ t Ml (jL^ L»jj 1 4 Ml iti (jjSj (jl (_yJl f^j-" 5ji-fl-«II 

(jl^ • i^l-ijl^ (jr^l aJ-A jjlajj (jl CjVI .^■^ > ijaLiJI SjU^LaJI 

(j^ i_aVl ^ » ■ '-^ ■ (j_j-xia_£. Lo i-j^jS 5l _i -».11 J jl^" ^ Lo <*j| j_a^l 

i<L^Lc ''JJ 4~«J^>La I— 3j_^JaJI ~ ■ ■ ^" (jl JUu i(j^^La ^ ' ■ ' Liuj jl t(j^-LuJI 
. <Lla^i.9JLl fjjs J f'* J-i'-' '—'^^'•^ ^ I -^^^-^ " j^U'i jjj L^jL^ 

<l_C:j «1 'T a (j^ (j^ 1^ 1" ^11 »l_ua_C^I (j^ 4jjjiaIiJI CjLal i n U J^Lj» (j-*J 
(j^ i^ilu jj UTi juJ 4 J i'f^jVI dL-pJI j»Ji^l (jl (j-=tJ iCjLi^jVl 

jjl_LuJI (j--a tjl CjI 'rai Ltiejijlj ^jiajijJI 1 (j i ri» i (j£, .> « .n (j^l CjLlSjVI 

jjU'tl ^j^l a n 5 nli; W tfjjj^l (ji .4 U J Mil «L>.jJlj jjjLjjj V 

JljV SLpeil Lc jjj T^Vl j^-<^l (j>» jLjj-ail Jj-Iail jjgUtI (jl jj i4_Mt-iia JJljj 

^LiJLj .jjU-:! t 5 j -^jtl 4 J -kII oLSlSLli (jj-i 4_ui^Uil Jlj>j-^ (jL^ «lLI (j-a 

CjLAoJI (j^ I (j 1*^ CxjLS .4 J i'r>jSfl 31 J -«Jl J_J-^ ci^'j' (_>^J ^ J J->-^ I M n j 

J' 

o^tj^ S-^ .i-JUJI Sjlj^l cjL>.jjJ 4_i5eil ithermophiles 5jl_)^l 

,jjU~,tl 4_l-iJajJ 4_JLc (j^ ojL^ Sj^LjJI SLi-aJI (jl)) : J_5-2j (jl 

Sj^LJI ^1 J —II JoLajI (jf (_yJ*3 iLfcjjJu CjjiMj i^j->-t 4^JL3 4^1 j->- tiJLLibj 

(^^Lii Jj -«Jl (jit 5jjL2 (^1 >autotrophic ; "di 4_jj|j ojL^early life 
.4.Li_JI LiiLU f laJJI ,_yic. «11 ,jlc. S, i o" < a c m jtj iLjjli «L^jjLjlL» 



.«methanogens ijlij-ai! SjJ^I Li^ / i 'v jI I J*ij L»^ LjUj 

■ "^1 3 al .U V I , 'a ; j_i.T | « ^ ... 1 i" jj — "a iJajJI (j i ii -«J j .31 j -sll (Jj^al 

^' . ^ jJ^LrcJ (j1 1 i <; 1 (A-uJojVl SLi^JI J^^-^ j^J^I 4_(_uljji^ 

Miller- Urey i^jjj _ jllj a 4j>^ li' :jl .'" '^^^ '-H>^^ cr^ ^1 j -^'1 
^jjuo) jLLuiI jjjs Ja-La j-Jtjv (j^aj— o juu (^ic . ^ ^oV jiLc .experiment 
^) j^^i>jl >-a><il I- M 1 ji.Kj UI 4_«jjL)cj jij-aJI (stadium i-iaU 

' J '''"} J "'l"'" iij>i J^Lij Jjl (jic n>9>JI (>a j-ic 

pre-biotic «^jj j i_3ji^^l jli. S^Lcl jll . ^r. l d ... I I ,1^ 

iflasks LfpJJjLa Cy> Liii..a LiUi: i^JidJ jllj a ^ i^Jj^g UjJ>Li ijuji 

Lscj}.^ tUl Ji>3 injected Li^j -cuLk^jt^ ^ij-oJ^ 'WD^ '^UL. 5 ...I I 

4_liLlai .f UI jLiejj n^r^J>.JJJ_J-4JlJ .(jjUlUI) Liij^Vlj .pl 'l jU j>a LjLc. 

(jg V ,„\i iSji^j^f-'^ -^J -l^jMJ (_^IjlJI i^^l c^MJJI 

(jrU^Vl JLv! iSj^^ ^rij^^ 6^ J^-i Steam jLkj 4j£. ^ Uj» itUI 




5j^j-3 J& ilLLaJI (>a jolt iji^J jLil' ijr^ tfJliAJ iSj^iiJI fljjjLoJI j^l 

i1jJl>J lightning discharges (3>-iJI oUu^-ioJ «uLi^ i^j^ jd>-^ 
jjjsj icondenser iJiiSLa L«ja ,4jjLi!l ij^Vl ^^^r: J.^ t ij^iijl 

— jiLya 4jj_>iJ CjjLc! LiUjUj .4_iifl_taJI SjjjLill <-»jLj Cjji_i_c.l ^ 

.gaseous phase ijjUJI 4i>.jJ.I «-s^^-j ^i)-^' cr^ A^LLJI ^j^s input 

i<(S<Ljic. J J . ^ 1 1 j^jjj (_jjJI La» lIiIj^JJ,! Jl>.| J^'Li' lSJJ:^ j»jbjL>.| J' ■ -■ jl 

^UlVl ljLiSLII Ij J .fijL.o i«)Beilstein ^ ; ^ilj;» «uL^La 

j-uaJUS ,j^j^£L!l CjLjj3^ ijjSUI _ ir»r )) L^l 4 li i i 1, 1 Sjjjj^aJl 

(j-iuJ "i 'r "1 it jJI ■j'Ll 4 « I f-> J 1 I ■) (j "r j» I > <i"i |_SJJ£^ j I Ij a S-^'j 

^^jj^ UjSLo sludge Ll-hJo (jSL! ijjjllALo (_iLlS 4:>.jjlI.I cjLjS^jJ,! j^j-*»- 

. . - Lili ia» klluL^ _ 1 J J I ii'i 5j J I ^ j| JLcLjj _ I ^ i _i J (j^J i<> li 1" 1, 1 CjLjjJ.j>vJI jj-a 
i<Lxu3jVl 3L1-91II ((cLijLljJI (_JI^^I» (jr^J i4j M aVI ^_p3L<)j>-Vlj i 4 J 'J"! ^j^L<)j>.| 

J " -»■ ' (j^lj 'J j"'^; Lia-Je->- j_i^VI [j^j^>_iJI CjLjj^^ (jiuLoJ I (j 1 r-i *s 

' £^ "^JJ ' ^ 4_lj-uLj-uI ^jj ■ ^ ' 4 J M aVi a iIjI-jj^.j>. ^JSi Sjj^^l 

tj^£L]| CjIjjJI ^Ijjl ^-"jl Cr^J '(l^^JU — ^Vlj nj^j^SLIlj 

i(CjL1j_^^ jjjjSjll jjLLajJjJ V jjjjLUI) (j^-lillj j»J_ti^l 1 ijM "1 ml IjJ 1 Ijl mi "i )I 

.S^^j iJliLLaSLi 5jj:>.jja CjjI^ 

j^jjj idUlI u J « fi I irl I jj S4_L_ajfcVl ijjLA JSLj o1_Lijj^>_iJ1 ^"i a""i I jUl jjSLI 

L4J ij>L^I ' " J^Luo 4-Cj 1" a 4-Cj-a-ge-a <:|jLi CjLLuj^^-jJI 4 lil" t- a 

iOljLiVI JLjjjIj <4JlWI jjjjJejj iStructural support ^^jjijtl L^-^a 




i^Uj)jyi |<Lu/l l.t 1,1 CjI_ujj(^>--xJI aJL* ijl-Ioj (>*-jj) 4_jjL_i_^a_i£LII 

. iajj^^l oL^jIl ji^l (Irs* dv* '^'-'tHJL^^' -"-^J •(enzymes 

(jPU blocks ^-i l .«< 1 1 iijLk 3_cj-4JtAJ (J^iaJ .4 1^ m V" fl 

cjLla L^ia Sjl^IjJI sentences «J-a-^jJ» ijjSUI cjLjSLLI J^ilaJI <_<jj 

iJ^t^ j>a liijIjjiiJI (_P5L4^V| CjX r. i i ..i'i <-rlr ! (_yJI 5 I iciilb JL>JI 

ijJLJI permutations JjjLpJI M jl^ bj-c (jSJ .4_ljkJI b^UtU L^jijLfl 

i'i I II jli) <ll«j>JI JjilaJI i._ I 'i J (j! (3^' '■^'^ . |_gj) ir-i^ 4_i-»jk! (jj^j I II 1 1 >j i?»"!!! 
jj-a ^^JlSl i(_yjjj.^>JI |_gj) " I II U 1 J »lj J .1^1 ij^ 4 J I iiLtjil lIjLujU ,a ciJLLA 

a "^ (j j Sl r J l()irn I I 1 1-> ' ^ -'a Ijijal I ■ ^ i -- •'■■^ A^^J j''-^ 

(_y:>JI (j j I ^ U a J i ii "»-J lS'-'J' .1 jrtt'H LijL2ja ujLauj (jj^J i n"*^ """'^ '-"jU J^* ^J^^ 

'"'l I n Ifli^ 1 i4jM al Li^La^l C I -yrij I (^j^ - J " 4j^.j>iJ (jl ^«Lu 1 " ' 

^ 4j| iflj^ '(^JJiJ J*^ La^ ( JuJUj J>4ju (_iLuaj Jlo^ : JSVI 

^J-» S i n « a iTjLSj)^ j^luo i-iU^ i3^^ 4_uIj_lII i^jjVI 

5jj U (>a jJL^I L^la ^\ V (^Ij i.U 'l 4 J n aVi (_)l5L9^Vl 

>*J -t^^^-L»-^' j' (jg r " ' (>» '^b^ ^ njy>.jj,> jiti 5jj ^ o j! <(jji>^ 

ALH 84001 ^J^jJuJ\ (> c^lj'^ i-.il JJ^ jLa > Ja^ ^ Lylj 

((jLHI» 4_;Slxj (::jL4)>^I (>« o^-*» jj-c J^f La :JIJ_l^ ^jJa ^1 i^^t 
lijj(3j tijjjj jiLy» LaIj^! (jUJI lUIs Ji^ t_i jL>J (jL^ Luj Ssl 




^ 3l_tj>. J>^j ir.j'ij V i>L_Aj_a Ij^l Ijlj 1 o j jS-jJ^J-jIII jL^t^Vl 

cLbjLa i l^ii m i ^ \'\\ j i o "r i i n (jj^ mhIIj (j_«liJI 

jj^t (_yJI 4jt iJlJLjSI La (jLc. i2_JI^>j_ijiSfl Murchison pj ' '<> mijj^ 

La-LaJijl (Jl^ J-*^ Lj-^^Wj *^,>d>^' CjjjjLjjSLIl i-SLlusI 

.RNA UjJlj DNA UjJI S-JL-ai^ ^'jJ cr^' 5j_JLuaJI a.nfl^^ll 

"'< Murray 4JijJ— a i U n m J T Lr^ 

, 1 .11 jji-Vlj (j-UJI , ' LojiljLvt (jjjLia Jla '>^3U mirror-images ipT^ 

a_JljL^ li>^ a nl j J*^" Cj^LlLiJlJI (jV Lili j iiJU»- a^j . 4 ,. jM 4 jn aVi 
J i"— J iSLpJI CitjLJ LaJjc ,5jt>.lj «Jy ijLaol» (jj» CjLjjjjv JL>-jJ LaJ-ic. 
iJJulILi JI- 'j i n j'" aij*! i>^ 33_L4J (jic t3>ijJ u'^ (ji^LahjVI aj>-t (j' 

(_yJJ ... .11 5 ...al :tl cjjt <4j 4^ j i nitl «JIjLSj)^! (>a Jlj^II ^liV ujLlI^I 



.oLpJI J^>3-jJ ijj^stM jl i'i-^Li Ujj^ 4_ilyi^l ^_p3U^Vl handedness <l>.jj 
j^^j fjjiLuI SLi^l ^ -»1.^1 ^Ijjij «^jJL» 4 1 1 II f tLj 

.(ft^jJLl 4jj_iJ i 'ljir i_i:*J iLu^La jLiill ^ I jl :i-u -yj (jl ((^LfljU» (jSUj 

-*->^J '^^^Af u>^L>J^I t>« ^1 " mixtures 5^>^t J>^j ol 

i'ijll 4_>.^Jlll ^ J ■ I o M 1 ' tj J * 1 1 1 ',1 nill j)" I II a Lt^J^J^ 

JlS 4 I yjl^jLdi] dLSjj^l 4 f (jl (_yj| (^j^ ^>_ijiJ-4J i(_) ii^<ll jl '(j' J a J^l 
jjsoJI jLioi-l (_y3 LtIL>. lSI^ i ^J*^.'-^ Joj v i jj , l(jlj»ii~t 

sAh -^i^^ ,ji>U^! (_g! (jl^ ljl L» IsjjlI ALH 84001 

(^ A J H ot (_pal o -».1 (.j-'S-je — li (_jt ciJj i -^f I jj t Jl_ij<j (jl j-S^juj 
OJ flt^" l^jJI - (^jLuiJ ij < 1J _ 4^^jJl (j_C, i(j_5eJ;J.I (_^^^jjjl jJtj>JI 

.CjLjj^j>JI g j A 



11 ^j)U «Um Aj*- - jUf* ^ A» ai\ 

ejjuLOj < ^ I" V"t i4_ijljujJI ^ . -« ^ 1 ^^^1 ^dloJI i^L«lc pj A .» ^1 

^llilJI j-jmJ i^iJJj (_^| S^Lo^Lij^ . ^^Ja£. ' ^" «J (jl£ 1 1 '• ASa^jcla 

i Lift CjLuij 4 j i W jVl SLljsJI (jl ^l'i'i ml ^ I II "'l i-ty\ Lut (_yjl 4jjej^l 
(ji£, ojL^ (_^l lLUj (j£. LaLcI 5 ^ l~ ^ /. (_3j^^ '"'J ^-''^j>^ 

Lftjjj (jjj »1 1^ lili >-i_C SJjjLJI iU. ^1 CLuiiaSj t5_ulj_JI (jlsjVl 

(jIojVl (jic iTjjLji (jjJI i_35^>iaJLi ( jl« "n Lc-j^J .(Liiajf (»JJc-ijl (>U f.Ltia-iJI 
4_t-ft£u (J n" V J (jj j'vl i it l CjL^I "ih ml ( _y i . i i-iJ^I J i i "i^l (jUs i4_Lj| J_ill 

i_fl>LiJI (jj VjLoa .2_jj|j_iJI (jlsjSU i^>>JI i-fl^iiJI Sji^^I LT'rju ' jd" 

1 1 a "i (j^ LSjJi? J^'^i^ ''J^ L?-*Jlj '(jy>-JJi> J flll i^ljju (jjill lSj^I 

'(j^^jjjL^I (jJI I J I » ii 'i >-j-la L?J^ i_3^Lc, ^^1 j»^l liiLscjVl <_iic.l J J Mi'i 

.(j^j^SLll 1 1 j 1 11 ^ ! (^IjJ (j^JJJ^I ' >J I "^ 1 (Jjl (j-a jj'i^^t j-A^I CjLl»^ (J;j"—j 

(jJJ j jnnt i i^j-^l i-aMjLU ^jLftj ^l j V'i iiiLj titj^l i_jjL*l31 aSj 




4±* Jl^ 05-^ l-SjJ:; - ^-ij-^ I ()" -r' r 'i f j_yIiJI 5 jn o Vl ^_p3Lt:>.Vl ^pSj ^ 

(_5jJlj lyJa-jjjLj^l Ji_ijLi-o/ (j-a 5_^jit.VI 1— ijl <>juk Jjjjj . »^_. -r H 

^ ■ ^ '^tj ■ 3,3-^ J ' LoJLL^ 4-ii_L^VI ^^paLi w^ ^l ^ * * ■ * ^1 

(jl (_yJJ IjJajj . 4-j -r I II liijll 3>-^ 4 « (_>^->^ 1 a. t rf 4_jj|jJI LljLLaj^>J,t 

4.j IH «1 , .. a; ,11 «tjLuiVl (oJ ^IjuII i_a^LiJI 

(jlsjVl (jji^- SjljI mil i_aj|^>JiiJI (j! LijLa i n ^j^l Jj_i^jJI ^j^i 

a_c5>L^ J^Vl (>i ciJ.L^ -LbjJ j-jLtUI Jujl^V LS_3j _ 4_i5Ijl_JI 

ij^jia fljLJLi (Jjjj^i 'eSjJ:i - jHj a 4jj -»-"1 4 o (_yujjjJI Ji^I (j,«SLjj 

i(jjLciii]l) Luj-aVij njrUj-JjjLi^Jlj njlljil Ji)-* Cr^ iprecursors 
(j^J .SLpJI jj jl^ (Jj^ SLjJtil joloJI 4jL1*j (j''-?" ' '1^1 (j^ ^tUl jLiejJ 

ijjl^ p ■ -^jj ' LLlIc ' • « ' ' ■■'"i ijj^ > ii^Vl (j^i^- J i~( » J 4 I iiA 1 lj^^:k._j 
4.i^ (_yAj _ 4j»j0 J^l t" II (lLi.^.<iJ LaJu£. I Jjiia (jJ-ajji^Vl (J. t . -* i " 1^^^ 4ji«->LjJI 

i4_kj_<.a_JI ij:jLjj).^Ij tijIjjJI jljJ-jlII j_a jLso^l ^^Ic eagerness 

4jj^Jiia 2j_u^ J<l ^ i.-i.,i„Mij 4i»j>o _ Oxidation 5jLuiS*^Li 3l a i.iU 4jlotll 
, I A "j .^j« ~ - ..CVl CjIjI) \j — ". ..." La, t if Jt.-..~tl ■ c_i| I ^"1 I II (_^lj i4^lj<i 
t(_ylaj ^Ij"'"^^ SJjji^VL UjSlfl I j[j .4»jlriUI Igjir (_;^I CjLjj)j>JI ^ 

5j_ijt^Vl (j! i-iiljj| 1 i <1J i(j^ljJI ^ . j -r JJkj) ^L-»^ tO-" l'- ' 
tZitjL) I " ' i4ltu ^'jjl; .jubo . 1 j«a J^l <~H ■> «" I II a ^^js- il>jl^ lS' ^^ J" i 11 

<,_g^;>JI Li3>Lt (_yJI (jg-r iii'CVl (j-a S^^ojS (3^Jaj Sj^-^aJ.! 4i>JI oLijlSLIl 

i4j£. i^jIjJJ (jf '«i^,^!» I'j^ 4_tisjjLl,l ijjLpJI JJ-uaJI (jlS 

Lliljlj_i_>JI ^1 jj! <i -w J J i'i, I II t_ij J_aj rti'i (jl jl i4_«_a < fij^'n jl 

(jA_T: .ii<Vl jj-^laJ positive adaptation (^LauJ i 4-^ j " "t 

4jlji (J^I t "U (^pi^J i(j-L-r I II 'CVl i» J -c?! I ii'I Cjjjlajj ij_>^j>U ^^j.^1 i_fl^LiJI 

.i_^Lcj ^ 1 11^ 



Ijuk J$ i'i—i-usjVl SLj-^ciJ ^jj^LlIl j jU'.t tjj tjL Ml" iVlj iftL2_iIlj Miill (jl 

iBjVI CjLiLvVLi (ok, ^jLc lii.il» :twin rejoinders jyjIjJlJI jj^j-II jl " m l 

Panspermia ^UJI jjMtll 

JJ^ jlju j ^•t ^Lc, .cosmic seeding jj-^' ii>^l («Jl>c. 

oUa^^'Lja <0-»jt_ji i^j^l (_yic SLljJLj J « Mill ^»1 fl "r i^VI ij-aijH j)jj 

Ciji < i I I I 4 <i I i i\ . ^**l ' T ' '"'^ iA-jL^cjj^ dil^^j^ J^j>.^ ijd^ I II J I iij^ 

^jJLSj .«Die Umschau .M» 4_uU.Vl iSLijs Arrhenius j ij ^jl 

^L-aj (jl Lg;i$.q._i _ °) Spores ^1^1 Ji-b SlusjjtJIo _ SLj -kJI j! L^j^ 

5JljJi>- '4^j_<t5tx 1^1 Sj^laio 4j»j-3Ll!l (jij eLcia^iJI ii_<^l^^l (jij «LiiaAIl 

(j^jji j^jT > ^ «"'s . (jr^ ^^-W^^ '— iS^' '-^1 ''^!-*^' CjLljkSUI j^ 

4 J -»itl cjLIjKJI (jj^ jt L«L»j (J J ii »1,1 (jx— a ijjJaJJLl Ij—^ : ^LjLS 

_ i_g I j Ij 1 1 j'ji I 1 J 4j I^>_^ ALlcs Cj i j L_i^l jSLi I o -v (_^^ s _jJ,l 

tfjufc 4 K I iij Lo jLcj_u _ 1^ < tl Sl j-N II *I^J (j-« (jSjjjj jl ijSKj^ 

(Jj^^jJI (jjSLujii i LsEjje-i^ I JUfc (jL^ I jl 4j( (_^j_LLLifcjT J^j>.^ , "''^ .'— «tl 
(_^^£J| J (j h 5l J -kII CjLjiuj I ^ jLJjL;»iJ (j^ i.a ^>-^'-^l 5l j -kJI Jj^I 

jojj/Lj ji_^_1LI (_jj/j_j_LufcjT J ^ i.^j_c jL^j .Sj-uil— JLI «diusw^m cjj»o 

i_3jJI (_ylc cJJi cosmic seeding (jj^SJI j>JI jt (<»i.jj . J-aLiJI 

jLi -^1 Citjjl LaJLic. t j 1^^ II S^lj (jJj IjJLac^ Cjj-i^ L^jS VI iSJj^ia 5^^j_il 

L»^-> LL>! ^1 ^1 jij jjLiJbj .ALH 84001 ^^j^l ,,^^^1 

(j^^SLj Jl^ 1 irijl (j^jjJej^La i(jl!niU Ijut j)^J . «Ljiej^ Jj_i^? 

^^jjJ.1 (_yJI I LIj^j^ j-« 4^ iIjLIjL^ ^jJiii (_5jj;>ij 5 jJku^ C l i ioj i j| ((jijjioji 
Jlju (_j-ijJ jl al—L-stil (jSLflJ (Jjfc .Ldliik «LjjisjVI 5Li_>JI Cj£.jj^ t(_jjj^l <Gl^j^ 
^^ocjJI (JiLo 5jie_co d < . a t j^ f I n!l jrJjVL^ ' ""' ' . '^1 J^i j^ 4l>.j 



JJ-^ i;<i*i :o>^ ^ ^L^)" (J^ >^ tA^-^' ''ALH 84001 ^.< 3 
<jj-ljSLjJI i j "I j " L-al m" i iiI LaLaj SjjL^ (Jlaj I ^ ''j-lLi ilcLa j . ^ j 

(j^^'La ji 1—3^1 ""^ ■ iJ^-LM ^ (j^j-uajJI I 'l j I 

(J 'i/ 3 — a: ,tl 3j<jiVl iUl^ ^'-^J 2 >je-^ L?'^ ^t!-^j^' 
JjaL£ i^jjsJI 4_«j^jjJI cjUjni->JI _ cosmic rays AjjjUI 

4 < >L-^i Ij^ J I 1 1 (<u-iaj><j jt i-sM^l I d IJ - c-.^lj^l (jij »1 iri lili 

.iliS iJiiL.^^ ij-oJiJ Sjiej^l 3l>o-l ^jl-^"—" ^ Lg-SJ (dormant 

4i3>l Ju 0jj^jJkl cLi^l ij\ |«jx.?Jl j-J^ J^-i^ '-^3':!-' iS'^ L>^~^ iiiJJ jJj 

^jX.l t 1*11^1 Jal Milll ijja "'^ J ' ^ L^>) 4ij>.j J l^"*- j-^l I Ml 1 1-4-1 ^ ^ ■ ■ 
ijLluj i-d^^ 4u^jJi 4 jj i"i 3jL«lI ^Ij^ (j <i iri'j I iij .aj-a- mil (J>-lj 
i^jjjjillj i^^_uIj_^jU 4 » Ml 1.1 j^UaJjl I (j j'* Lu i4 » mi U 4j^VI i<a ljljL£.l 

<:l^^^l ^.J-i^ (JJ^'j l4jJjVl aJ_ft (Ji><J I^JIJJJ . i»^-l_i-ul3^J I J ijlJJ JLjjjJIj 

I (j ''^ ij ,i-<\\j^:<\\ l^jjj jji^ i4^^>jsJI 4ju;_ui oUjMi-t. ^llil ^1 lObject ^ m-^ll 
li^jjm jLi_lJI i-dj-JI (jH^»^ ' JL^ 1^1 cr^J -(j^ (>jL^ 4jL^I ^ 

J -r -kJI 1 (jr^l "t^J-^ L)-^ j_fl_oJJ (jh i Ml I I (jJj^La <" m i j ^«jejJI 

^Ij . aii^WI i^irS^I jL*^Vl jjuijL^je Uiu <ALH 84001 (^J^iJI 

1-3^1 4jLLiaj 4ij>.jJI ^Ja^ I j i j (j^lj - LoLaj < 1 1 nUlI jLoiIl (_yJI i Vt <ij 
(j! L^ii-lj-J 4 t yLjl\ 4_Lj>JI oLulSLU (j^L-<u <4JLkJI aju* -il-irt 4 (j^iiiill (>o 
■ 4« MiU 4J5j'i/l CjIjjjLj aLpJI jua (jic. Jloj 

Jj^l 

C^[£ I j| L*^ ^j'i<!l U (jl Mi<j I II 4_iieJ;J.I «Lj-^l J^i^i i_3L<i:i^l (jj 

jrij (j-a ^l_>Ilj liJLilJI L_L^jSL!l tjjj cxLLjjl jLi cosmic seeds 4_LjjSL!l jjjljJI 
j.<Cn-|l LliSUj Mitl djjL^JI Iju^ UjUii^l ^LS! .4 J Ml « r.M t_^ljUI 



iCrick iilj>^ (J II J L«j*j i4_iSLj^VI jj^jJ (jL.^ 2Lyj^ Salk Institute 

LjjJI < _ if^j^ i_3Lii£| ti". aI ...t (Jjjj SjjL»- LiiLt^ (JjuoLsJI 
4£>Jai ^jiaj iOrgel Jj^jjl crJ>^ «Li^ JSj ;ijJI iDNA 

(jLfl i4j_>Jai!l «jl^ i .iii -^j .directed panspermia ««L^jll J^l_<UI ' i "it i» 
infect Iju^ Ojlli-I Luj 3_u^jVl ^jl^ oL«.*l>J,l 

4ji^.4j>J,1 ^j^' oLulSDI jijS^j i4jjL>JLI «jj* . I mil SLpJI JoLciL 

5Llj>J1 ilaUjl cost-productive ^ AK'.U ^ ..iilL j j~.< , 4_c>.Llij 

(jJtaj LftJj «iLaJtjo (ju ^ J 1 n") cLi^ 4 Mii 1 n (Jj>-Jjlj '^Ji>^ jj ■ Lajsj v 

(JiJf (>o ij^ (>o 5 "m f ijLo ^^f - microorganisms 4j^^.>J,I oLuKJI ^ 

i_ijjj 4_«jLiII 1 . i r. ? i^^jJ^jJLi ' _ 'J ' ^" jjl tl uia-ill 4 ij A ...1 < ^ i 

. L^>L3l 0^ oj^l (> LThi^U-' ^ *^LA!I 
^ j! <Lj-aj ^'sJi\ i . ii i . i l l Jj^jjb ^Ay-^ (>° (J^ JtLi^ 

ijiuL^ Luj S-i-iijVI 5l J -hII (j! j'-^j" (^Ij «cosmic zoo «3_ujSLJI 

jcjjI cjJLujI iJ>^1 cjIjI i'/y ^ j! S^^ia JjJj -^j-^j 0-^ Jri-^-jj^i 

j>l J -r"r I iiLi j_>^L>JI SLpJI t_iLi^ (jj"^ 4 J i>>jVl 5Ljj>JI J^J^ gjv ^1 «LajiL». 
(_jaJI . <l Al'^t I dilj li i'ill jTtf^ J j»1 JjcjjjiLj i ' J ■ "-^ ■ 4jj|jjJ( A 1 1 

CjLJuj 5l cHol^ Ijl LkJ>_5J>-J tj-ll J^J-y (j' (1>^^ Cr^'j i4-^li°iri.« iJlijl^ ^-VJ 

(jA J j'i'v II (jl 3_uL!Jlj . 4 l il" V a (JliL^jl (jlsj'J?! (jj5 4Jij| I "i fl j^l 
(jrya- iii'sVlj ' J (i ^Ij ij^jSJI JaiJa <■ ilUi" V 4_j_ii>jVI 4_lj>JI CiLolSLIl 

1 4 J I Xj V I 3Ll.>JI j^j^ o-v Sjja-jJll 4_ujiLj^^I CjIjjJI i(^^t>-j_^Jiillj 



JL>J( <l_j[£. Lx-a >jjSo j-j^? CjLu»SLi CjIj jJI ajufc -^i^ i-AI ^ LjjL^j I^La 

Ij_>jU3 Ijuk (jjSlj jLOa _ (jVI (j,^-'- ^ t^'-*^' >^^' - {j^ 

(jiajLj Lt^ «L^jI mi" a CjIjjJI i^jji 4 ti l"i->Jll ^l^^l jj-a 4 j _i i n i 1 1 

itantalizing Ajjuljj -IH" J'Je ^>^' J>sLUI jj.j'rJl oLa idDjJj 

lisLajl L-al Ml "^1 J if iijsLc Sjj ir-> i ^jSJI Ji>J-I' I fjl'i a iLajLiii-l "i J r II 

_ jJLl^ 4j^.j>u ("i ' ■ J^"?"'^' ' . 'j '"■ 4 l-i i n 1^ [jjt ^1 

cjj-^ Ujj iLillj .^j T '^n Jj J mil [^-J^l (j:^!^^! modeling S^Iuj] 
Ijiaj j_jJI 3 I MiilLj .<(4_2jajl!I jL»jJI Sjij^jJLI iJi)t_j;«jiJI SLpJI 

U ;<.aij «o^jVl ^jLi. 5Lj^ (^4^ jj_'n!l LUiSLa! lilj .viable Jj jUlU 2IjLS 

^^^jjjl^ ij^^ ' ' l' 1 Ml i I ^_^juj-iijl ^tJjLlJlj 4-1ju3jVI 5la:>JLj I j ^ ^' [j-a JJijrtj 
. (jjSJI SLl^I I4J J-^lcU 4jj(j I II U i_y> J i ri r cj JlJp.lj •J'i}^^ ^I V'" 1 n l (_;r''^ 

J. .j 'i'sj J J <l IjJl^ LiJ < rtMi<j (j! SLj-j-JI J aJi^ jJI J^>t,l ol 

4jl jJljj (jitj^l j_y£j_uJI jjt^l (jl (jri^J .SLuaJI »j ) 1. n i 1 4JLiiiJ,l 4i_>iaJI 

. l^jj^J jLlajjl LJj La Lola lis^jiil eJJt Jjjs LojJb 

I '. J . < A "1 ^1^ J-laJ i^-^l i_i$_5^l ^1 5j_j_«JI I i J.'v «u icj 'C li II /> '1 j 'J 

.^jjJll :4juI^I 4-li.ii a miII 5_^-a- 1 .-^ 1 1 i(_>IojVl ^jL>. SLjjJl ^ . ^— 
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SjJla j-a Ljj;_flj 4-fl-il U" o rotation period (jljjJ 

jj_3eLji tilt (Jj--a ( _, " j -JJ-aJ A-C.\-lm Y i "^Lh* 

^ ^ ) i_>^j'^' ubi-* j>^=" Jj-« ""^A; u' 

'(^^T^ ^— -j^ 

I j" I j" 4. J i'ii" 4_i^ (J lio i'iH I II «Us-jJ (jf I <i ^ 

oLpi u' '(_K>J^' (J ii *><' t^^J 

«Ca^Lc. i^jJj-iajj ij»j_iJI ^j/il I II 3 I'ii . ,. 
Jalj o_H>^' J t^lj (iiiAP' l5>^' 



«iLia LliLui^ 1 Jl^alU tjjj^l jLj-i^f 1 (jo t^«n JUL ^j^.^ 

(jjl JS^ (InJ i-SM-ji-^lj 4^1 M i ' l t l 4j>.jf J J 1 1 "^" I 'l i*^ -i^jUJI JlaiaJI £^ 

jrJJLjij ^J^l ^ U I II Si J Jj-^J (Jl «i 1 "^ 1 ^1 1 n "llj i^J^I J (jIojVl 

i , O JjS <_^IjSJI iJjufc cJj^ oljUtIt : (>i>^ *' * 'j'" 

Jj5 SLp. Jj:>-J (Jl o"- ».l I jU i"il I iijl (_^l Sj «1.^1.1 iJlllj w^JLI 

^ «Uftif ^lAif ^lUl JA : gii*JI ^ )Mf jif • >i«]l 

jj_c I i»i I « ij 1 _ 1 ^IjSJI ^l_3tjs-l I a A _ (jl "i j i iiL<-uI (jl " ^ j ^ ^ l£J| La 

4 J -w Lj jj-ft-fl .^jjJLIj (jisjVl (jrj_i oLa^iLlj-VI ^ h « a q\j m <i" _ (jjxA-ijJt 
lUn '*^ /• o i (J-^ ''jl i±ij -w i(_p3jVl (jji j.. A .i 5> .j jJLtof jd>-''' J *J i^cJt^t 
(jJoJ ^J>il (jL^ i<> "il"'^ J ii I 1 1 I II t j . I ^" i l"^ Qji '/• ^ ^ J (_p3jVl ^^la^ jjji 
. 4-a-l-iiii (jic 5jj;>.jJLI ^I i ii-».V| (j-Li 4_LibjVl 4jjjL>JI 3^ jjjs Jaija '/.i • 
4^1 I II «11 I In li" 'r J ^J>il (jLs i(j n <i t'nW (jc 1^ jjiajVI jj^ Juuf «ijV t^'j 

j_jIojVI JULJ ^jl^JJ I «1 ij I l(Jj-« (jj jl o ^ "\ • - W' (j^J L« ^jljjj II «1 Ml 1 1 (j£. 

^i<^f jl I II o i^^jejj l^^-laj i(Jj-« (jj)ji a M _ ^ ^ (j^j L« ^ i ■"■tl (j£. 

(jl (_yJI I^^Jajj i (J II o i'lill (jc JUjuiJI ^JjJLI - l - o -J 3 •yj'i'ij .^jjJLI (jc Sjli I" I iil 
(j£. La 4-al I II a ^^^^-^ ^-^ ^A>^ Sjj) ir< t (j.-^ «^LTili (_j n n i'itl « j iX ^ ' 

3 «1 UtI I fli^'l jj^ (J-^^ (J J ii "i i iiJ jtJ>il (jr^ ^ Cl\-^ i(j.a-9_ijJI 

(_^u3L>. (jj .(jlajVl (j_a 4ji_1^ j»J_S (J^ (^^^ (_^l 4 « i°; i l .l 4 j ■ n o mi H 

(_yl£, 4..;i III O Mitl Sjlj.j>JI CjVji_j«_>a jjlol — ijtjlj j_ijj,l g ,-«■ 

t J) Ml 'l J-SjJ (_;AJI i_3^_^iaJI lial 1 1 tII jL-^ J^'j-^ (j-^ ''-^J-y — ■ ■■ 

. IajI^ 0*1 1 iilj Sl— i^JI 
(>" ' Cr^ 5l J -» . Jj^^ (jA^j_«JLl (jj jufc (jji (J^ ' 1^ i"j_' 

cIjI j 'l ^ 4jx. (Ji ll n l 'lt l (j£. JUJl-tiuJI ^J;-ll JLJLJ (jl li'M I II o l'lll pl b« itl 

4jjS[^ ^j^I i l^-*- t-^-LM (j£, 4 "il"i^ (_p3Lajcj| I i ' i(_),ii «i i'ill ^jA (J^I 

tfjuu L_i-jj^ l'" M 'V. (jja (_>jusL>JI (_jSjSLII jjkj ijupiter |j;^p.<jJ,l (j-a I ^ ' ■ ■'' I-jj>^ 

I (3j 'i (jj^ Ct-'^^ 4 I n-»JI (J^L>.j . I g< J <-^l j^l ^«icjusl j-uljuj (jua i'ill (j£. 



t^Tji ■^tf' o' ij* 



.jLjJlIIj CjljLiJI 5 .1 — I „ ^ . ^".<" jlS _ 5_ijS)_ujl jLat^Vlj II ifl i'tillj 

Oaj hS^ Ti 4jI *» I iitl DJuk CjIjli .^tj ^-^ /i | ^ U « a 1^ cJij L» i_jLj^V <L^_ujj 
5 c.j ... L-\\\ dil -> ...tl <-.-.U .1 J ,-.\ X\\ .d j'l.'ill L^JLu jLa. j_uLj 

cIjI 1 j i I I > (jrJJ CliLaLlajj"j/l Cijf ijijjjl Ijjk i>i j .(^L>JI i u o i nl l 

< Jj^l '-^^ <J^ Cr^' O^bSij (Irt-;!^ J>4^ crJ! 

i^jI itiUi juuj .LivV (J, 1,1.^ .lili ^^juojuM (^oJlj .4jUi-iii1I ilali^ jil^S/lj i^y^jiS 

^j_3til|j (i_j^ljSlII :3j_tj^ CjL«_«j>o j j jl-^ (jJl CjLjSujSJI ajuk jjru lo'ill 

.asteroids cjIj himII joVi'nlj iL^ 4juLlII 3^j;<ll 

(J^ (j< III .t <i ^ t^>l tt-ill (J:>-l (jjo I r^~t Sj_jJuxo jij jU jjjo 

i<Ul^ J L- il iii->. (_yic jj-SLaj» Ju». (_yi<a_fl! (jJI 4" h'v t (Jj-i^s^iJ J^'>" cr^ i X_tj^ 

&lj i^ll I jji C. <i<^ j^j . matter SjUI Jj) i,-nJJ 5_ijjL>JI I ^ >■;-:... ^ 

^1 J ■ ■■ Vj-t<3j Lt^ "^1'^*^ ■" i_$jJI 1 ' 1 1 a J |_$jL!l» (jLj iJj-^ Lt^' 4_tt5L>JI 
(J^ (jic, <G_ujLs. I. i^_ij^ (J^ jj '1^" js^^j . j>l I ii.-v^l jjjii I _! J I II I (Jjia jjul! 

i»L^I «GjL^j Cijl^ i^^Ju-sl j^Tj Jtt^ I iL-y (jV "iJjLia (jl Vj i(jjjji.VI 

jjufe frM-iJl-^VI CjI jUr cljjij .^JUSty» J j;i,-ill U. jji'^ll i,i<jj$JI 

• ijJj^VI cl)LXjjSLtl i_j1l>J Jjiail ii<3ji <lJtx« L*^ i^^jjSDI p • ■■-■-II 4JjS 
jnht o j»-iBJ > . I i(j.» i « I n i l l (_^l 4 jl i ^ Vl SjLJLl i_ilt' I p i>iil I »1 n i't^ ij^VI 4jL^ Ct^J 

jLi-flVl Jl».! jI 5 j III o inll L_<^l_jSJI jl^I OijS^ cuLSjjSUI Sj^^I a l-<l l 

«GllSj i4.ji.i <ii^ill i_.^ljSJI Jupiter j;yi i'iiU \ . ijuLlIl 5 >-uSUI 

Ja-j U? ; (JjiajSJI iilS o-a ^ • / ^ -J^}^ ^ - u^j'^l (j-a 'J-» ^ ^ A 

4jj-^ I nt 1^ ^ O (jjijjljjt SJj-^ j-Loj 'u^j^' «>-a ^1 a Satum 

jjjj cjLal ctifl (.yi^ 1 «1 '>^J . (J.IH1 i'ill «dli^ (j-* '/ ^^ L-»^i (j^''-'-*? (1):;-^' 




(jisim J^t J-i^^ iCjIjLiJI (-ii-l J J V j' J CjjoL^ L^jl jj ij ,':.t l 
(jj» CjLvl IH A jOjJaJ IjULi (JJoLLII (jj liuLa-j - ^ i ■'^■H 5jl_la_J( 

jJl^ (j j J^"'.' ^JJ-^ Cj-oI^ (j-'^'j iSjUI (jjj J-^^' 4JlS^ jojiaj iLuLS jJaJs i»LiiiAII 

J jrr J " I L^laj i^jI i^J-^ (j.u.<> -iU l Cj! (j! J >?^i •f>iWj U^^JJ' ' J 

_ jj^il^ ijjlajVlj tSjjiiJJlj ijjLLac (jjfcj- 4 jl-^laJI SjjjVl 4 _i III o inti <_^ljSL!l 

i(ji>jVI jlaa I ii^ I (j^ ^ / ^ > * * ■ (jjU JSl 1 ^ il o r I I iij) "i-a j^-y Cr^'j 'O^J^' 
4 ni'^LllLi I <ij"'°l 4jl>.ljJI i_<^lj$LII (j-u JiiiflS!! jjk (j^jVl L_<%^ cljf (jl^ 

iiLa i4ijSLIIj lico. (jju i»l_5J 4jji jjkj iSj^jJI L»5 .SjUI (_yLi 

tjl^ j-i m] jjk iMercury jjLkcj '.(j^j^l illS /. 4"il"*s jjjj 

(jjo 4jj_^j 4 "i I" ^ J ' ' 4 J " I J .(jlsjVI 4iiS (jja '/O , O 4 "il" ^ jjV^ ' lly 
1^1 4jjJ ^iijI^ ilLIjJj .L-jj 1 11 '11 oljLiJI jJ^ JjlUf ^jU~i iiij V uill 

(jju \jj->- la^Lc. tfj^jJI L-iS^ I 'i I" «1 J iiiU j (jju (J ri's « 1 1 (jyl^j • L^jj-Sj 1-3 iLc 

^ ' 4.j%Ja_i^ I U i Ijl». 4^Lh- i nll ^JaJ i_$jJI ^^^^£L1I Jl_lxu^I 

jjk i_5j_>JI i^^LiJl I j-Aj .(j^DjVI (_yLl (jyJT Ui.ill JoJL-LiaJI fjic Sj—a 4jLo Jj^ 
jCjttJ ^ jj (jlojVt p T- cr^ tffrj Mij "'t i_5jJI ^_5-<-!l liilj Jiij_juaJLi 

i—ij^ (j^j^SJI „Ij .11^1 («iaxA «Ljjjj^ jj V 1^ (jjjSu-J 4j.:>JI CjLIjISLII 

.(j^j^^^lll I ii^l I ''j''^ L^.^ <— 3^1^ i^ti I II II 

■I ji ii^l (j-o I r^Ji'i^ \iS^ LsMx. i'U"i«ij Op* «SjJbjJI Ji« 4JiLa3 

(jju 4jLo (jju «j— ^ L>^ LiJLiik ^ — U ... II Jai-tiaJI ij\ 4.:>.jjJ (J^-Sj 4jSLI 

r ^LUlj i(ji^<i'yiU JaiajaJI I .'l. /fi .(_psjVI jlaui J^^ll ilnt inll 
.^jjJll L-i^^ ~ 1^ ■ -■ 4ijLx.uil ^LmII J^lSLll i—iLulII jj • ■■■^"i (j-»^ 4Jli^ 



^it ekri «yic 4jrfL «L« ^ ;i t'iia 

(>a ■/ • , 'l JjI — »j I — a ij] _ .U a (^) jL, (_;,iLa 'l ^^jL_<jj (j-ic 

^ 1 I 1 1-1« (JS! ("i-^^J ^ J 1^11 oJu* J-23j .(jisj^l I n t^J^>JI il-lt i^ll 

(>a JSV *La jLiej ^^fj <*La jUeJ Vj^*Ji-a jJ-iJI 4^ Sublimates 

4jvjJ JlIc oJll* *m (jf I J j-t- <-3j-«J ^^-^ cA^ I II 

I^^JlII iJ ■ ■■ a i 1 i i i II u tdJj JIiJLkjj ^Joj^ |_gj~i II a .1 if I j" Ij" ^ J^l ^jlj-»- 

^jl <*'m 'W ; 4_L<bLuJ1 CjL£.LajjVl ^jj^ ^ „Ariti 5 «J • . ^ t OJL> * ' ^j^* 

jj^j t^jJI >4 lUt i^ill (jLa tiiJjL^j .^UjjVI jij LiK iU« .ntl 

SJLsJI (jjo 4_j^L^ oLcj-iji I— il I iM^l 4jLjj^^ ijujj (jLJjiJI jjjo frUlI 

Y JlIc (jLiliJI iliJLaj t_gj"i Ml a JUCj -t^J^I i^MJlILi jLellVIj SJjUI 

(°) Jxs. 5^ (jLliJI 

(J 1^ li ■»■ i_i ij T J 11 I II "1 I II a i3j-3 (JLysl ^Lajjl (j^i^. 'H) (jjjjkpLa jl 

WO ^1 jUtl t^jl I inj -J ■ tl ■ j^j" ■ ■■ juc 1* 1 J 1^ I ^ . ^ < ^1 . t^* .^%TI 

(jT^' L$J "1 I II ^LaJjVI Jjjtjj (j! LlSL«jj .( Sjj^ ^J-^ ) '^Wf>4^ ''^J-^ 

Jjcj .*m JU^>o AV\'ci\ OjL^j^^^ '*-*'J-^ (jr'! SjL^I (_^_9 j'v J '** ^J'-^ 

«Lla-j^ ^yi _ ■/. • .'l _ ^ / t^j^l i^it i^ll tijL^ V .5UA:tl ^juk 

LuLoj ^^jLijij . u « . ^nII Ijuk (jLa i3-a.al i^W (Jj-j-s ij^^j . ^ t iII ■ j^j ~ r. \ ;r- 

.(jVI ^J>LI tjii. (j^Ul rill lU<l>l1l JjULa 

jL^jj (jl (j^l^ v 1 J a dl-irtt (_yJI J m "r I (jLiiiJI 4lai 't^' j" I a. I if j 

4_>.jj YY 4jjIj_3. (JiAj .1 J (jL^ iiillj Lusj_cj SIM ,,. al j a 

. I Jjl SijLiji i>Lj_a (jJijJ i*La jlicj JJ-aJI Jj J ' " *— ^^-^^J'^-^ 



(Ice cream) 4l=>j_JI (_yijLi ol-^ (ajji 'i a 2u>.jj oV i-._.l ^'. j ^ a i^jj V^- 

V J III 's ? jLc. (j^l J j "_i i_flLj>JI ■ ) jt-v JI IjLjk LoJlIcj 

idry ice ((i_aL>Jl juL^JI» j<ujil i_gjJajjj ,cjjL^_^^ _ «Ujj^j jj.»^ 

^Ljjj Ljjj! IjLa .JjLijJI (j^j^SLJI . > j . m'? ! jj-^ f""^ '<3*^ 

iaJL^iaJI i_iL*_L^i O , ^ 'tii II LliLc ■ JjL^I J j ■ -i < '! 

JjL»j ij.^*jJI j - j I iL-a JJlC i_53_>JI I U< irtll i_3L«_JaI O , ) iJ^->^\ 

Ijuk JlIcj .iUj -^U LoJlS ^ YO j.*^ (J^IjJlII <U ^ t Mij ^_5jJI JaJL^aJI 
(_yj| 4jjIjj>. J-flJjJ il)' ■^J-R'^ (JjL" (jr'i 0>i>^' >J i n^l (j^jlj JjJr'j i^ iJtaJLuaJI 
2Loj!^l Sjlj.j«<JI 4_>.jJ i"i t li'jl iiUii ir-ill Ljjj L.«J£j <! "'J d ^l-*-j-^ V> _ 

JoliHa-'S?! 1 i «ij n_^j^l iU< inll i ii « i 'f^ V • j-ljJ i U i i 'n if.j .jJjLjJI jj-y iII 

,(4jjl4 V • ) i'ijlg'i^^ Ao >LjLiji (j^j£L!l jjiii'Cl 

!t* dUtt liti^ i tU dUft ^ 

f-uXii iLjIL^ 5Llj>JI i " '^ v i4JjLljuJI i_jLlc 

uLlII ■^j->-J (jl ^1 ."i i" I nV Ljjji 1 1 (jl "««J J <i~i iii" £jl si J -rit (jSLcJ (^^1 i-^j^^iaJI 
jl Luj_/oVI Jj-a 'iSj-^'^ e^La I. I » l"l jf Jj V "i'l ij] iVjt .4^L«JI 5jLX.LiII 

ijh cjIjj).»!! ^ 1 ■ -J Lcj> 4<xiisjf >UI sLiJtil solvent t-u jJll jjj 'p I/' j U J_j^*^' 

ll>.Li« LcLsJjl ij\ Cjum 4.jnjll iJlil^^^Lilll buffer ijjG Lo^ iL^ii-lj J^-Lilij ^iilaj 

.(^I(>jISJI LJuUij |JIaji2(jJI i^jjj,>I iJLiil Jj_L^ ^ 'Sjlj^l ^j-^CjrS 

4i»IL>Ji.l JaLftj^ 5 I iiiilLi i_ijj-a J-uas! lUn'"! Jlaj V fUI ^jl jJuj < JU- ^] i^r^J 

cjIj jJI (ly 4Jp g I II 1 «L-iiL Jj 11^ -»JI (j^Uj (j5 jJI i_ijjdlj Jj iSL-i-^l (jj5 
. _.tU" v ,_p=jVI SLjjJI JlSLiii (jAju jLfl iLulj .(jjSLIl ^ IjLjLjjl 

^ Jl 

L g- J ijjj<SL«JI i"i i'ij 4;,^ «ijl-J Ijjl 7\~ c I j_ciaj (j\ I 'l X <lj iiiilj (*^>1' 

. J^Vl ,_yk. SJjLoJI oLiil i_>iaJLj jj^j 4JL>. ^ 3LpJI jiljj 



(jSLsj 1*4 j i t-iiil l ^«jiiJI (_3|jlsi ^ n • jj>l' ^U i i i (jic. frUI ->>>-J CiVl 

J J M "i i- m"» - i jj_>_»U C*^) AjjtlojjJI t:ic>ij J-*^J • ^ U Ml 4 U Mi'i 

Ji-b 2jj_uaJ JL»J*lil sUI [yi 5j_u^ CjLl^ ^J^J (jj^! JjVjJI J^J-»;»- 

IjJul!! 4 J I nj iji (jSLsj j-J;J,l jJojji J\ i^) \jJt |_gJLjij_ijiJI J <i -« .,11 Jl «i" (^fiLJJ 

iIj^ jiljLflVl L^VT 4 "'^1 I gl, L^JLa t^JLj)^>_LiJI JU^I OJUj iC^) 4£^ J I J uJI 

La-a i4 jl- » .U 4_Li.Lill (-Sjj^^IaJI ('.-«o ji~ 4j^_jjS[j lIiIj g t" m a (jic (_g^j3ejj ijjiajVI 
.ilojsj iljjjjjl 4j>.jJ Jj^ ijVj frUI (2>« 4l;l^ CjLloSL! ^ a < iij 

JL^ |_gj J M I i i t l (_gjL«^_ijJI JLa.^1 5jljj>.jJLl Ij^-pSLiJI jjl Jl^JIl 4_u<i (j^J 

i»^-»o < iT-j"'^ uUjJj . Sj-a-relU 4jjJiU 5j . ..1 ^tl (_3j|j_^| c I li jf^j jjjJlIIL) 

^ a I n"i jji 4jj) i"i 'V j-i^l 4_j_ij ("i I II ^! ij\ \'i<\ i'r> ^ '«j Lkjijj>.j jjLi 

LoLu 4jjLc. L^Ljij^I (J^Iaj 4_iai>jVI SLi^kJI (jl J.» I J .SLlsJI J1j->-3J 

4jt^l ^1 4jjji>JI 4jjU(i1l iiJLilsJI ^— J A.^tl LaAj '. Lju^J^ (j-a jjj j (jjl^j». 
(_y3 tltj^Si Lava |0.aj>JI jj^ licjJL>. ij^Sill,! JLt:>Jlj iljlttl 1 j'l ^ .U .-.-w" 

Laj a t"i I ii'i CjI Ju JlS^ j<>.aJ»JI J 1 i I 4 _i mitLij . (_jljLa JiiA ^^^^-^ 

IS-iJIi^jLii! SjLa „> jl->. SJjL^I 4l'i<!l <4_jj;_iJI jLLill (>a LjjljjjG 

.(^^^^^1 »lj.>JI i^ya ^-U^^ (J-''^ tzAia 4^jir>JI lU^tl 
i-al I M "i "s Li ri » a ijjVI ^J;Jll ^ Wi i n Sl j -w Jj-^J J-aVl jjf jJljj 

(^JJ V Lul 4 ii J ii -«■ («^JJ i4jjLiji 5jj_c£»J i>LJ,l I J j'" JL».jj (j\ jj-^^ (J '^LLa 

(_jJ[c jj 'itil J-^JJJ V Liji jl jlSl I i i'v ajij 'l j_£;J,l ^ U... 5 I ".1 . .. /. 1 , A 

ij\ (jic 4jji (jrJ-^ L$ J ""^J j— ^ t^M i Oi-^ 'l5>^i ^-d^l-j • * 3 

(jL«_xS Lifcfrljj 4_fllie_>J Cil j a^ i (Jj^ (>« 5j>j ^ SI M ...1 1 ^ 1 .1 1 

CjLjI i'n i ii1 i g i'/^^jij J J i'i" 5^ J t.i^ ^^IsLLa -v j iCil j'^H j .i'il j . -»■ .1 1 
4ijLu i»Ll^ '^^3^ 't^J-^ (1)-* (j' ' I "^^ JJI>^ jd>^' J-i*^ ' . jl . -->" I ij ^ .'-. 1 1 1 

ii"i <i J i-^j^ i ' ''•«•^ • ^1^ 



(j-a J^^( (_jic (jLuI aJLiik i4^.> "i i.i a SjLclj SJLj- eL5_JI Lu * . \ 

i , o J^Li- v^^l tlj-:»-? J;t!-«^ (jr^ iUia->i cj1j-i«-"u 3 lu. l';,,!! l_XI_jSLII 

(jjo ^ I I II i 1 1 (jl_joj_>JI (j « "-^J,; — ^ cr^ J « t i fl» La^ il (j -rt-iiii 

_ (j^jiJI itj ..i<t ^Lj JSlj, ^ _ ijiJs .l£LJ Jl^ (J_Sj ^ 

4_ajLi J^lj Li j_c 1 . il» -a- j! U_fl>Lc. Jj ,ii.i i., jL^ 

(_yLc ' J ... <t 4_aolj 5 n "iL>. supergreenhouse 

Uc-lj^ 5 J .'--.jS*! 51 j.>JI C''ic \ 1 ^ "ft iLdJj ^^LiisVLi .Sjlj^l (_>^L;,£i:ijil 

^ .Vj 1 11^ I t^yjloJ (jr-"^ -L5^-5 IJ^ ^>J4^ liJJjd iij\sr I ii^S/L 

«JlA j iiif Jl_^ .(^IjLc (_yJ( (jj s-^J^ il)-" Laji t5j I "i < a 

ij^LiJI jKi^l («Jbjjju v ij^u^\j t.->lij (jA_iSLLaII (j! (<i^^ id_UajsL^ CjIj-lJLIII 

.{^ •) LLj L^j^ pjjLiJl jj>il oi ilj^l ^jj >Lai ALH 84001 
iflilj iifL>.^jZji\ Ji» volatile fl^Ualo cjLjj)^ JjU"»^^ <jL«j>.l (_>^j^l 

i_3^LiJI 1 d'ia jjSjli (_pJI oLi^^yil (_ySij '. jjjj^l J_ljji^1 t_yjlj_J 



iljLoi LfcLiji e5>^i*J ^r^' '-'^ i(>i<jj| (>J^ L?-^ CT^i • J-^*^' Cr^ 4jaJL2j jjo 
. Ll*jjJj «Lili ajuk CiiOi^l ■ .< j<ll jijiSj ^ jj^J -d-» U... ^^^J^. 

M «jJjjLo» 5 jM i'f-> ntl ijj^jj.! Ci-sLa LojLic f-JJ J^^ '-^■^ cy-J^' 
.Viking «jjSLjLa» O'') 4jjIjJLI (AjjL^I) ^d>»^' SJaLji^ Jj<^.i'll 

Jj«-*J Cn-fcj L^i ^jj^ljJLsJI j£Jj iSinUOUS ivjjia CjIjjS -^^J 

JSVl J^lj JliLaj .ol J J - 4^L>JI ijl «J (_yJI S^LJo^/L iLo JjLo, 

(jl 1-4^ t ijl_*itjjl ^ ' ■■ 'l -"'^^ tX 'tl J . ^1 'i- ^J-Ujl (lA-Sl (J-^ 03^^ 

1^ <i <ill (j-^ (J ii^.<.'i.U (J II o i^-usl (^^) ^ A jt^ tl ,Jjl-v '11 jl hia oLi^l J 'l 
I \ J I li^l (j-^ 4 J I iij*ij '^jj ' * O^SJLj L^I 4— LTejjJL^ ^ J .t^^tl 

I ' j\y (jjSuJ I g <| -r ->■ (JjoL^ (jju AjU,! JL>.lj (j-^ t J-4— stjll 

i^jaII cj^LiJI (_yfl a^jj tUl jLitj (>a iLtlaij ij-*^ jj! L*^ iwater ice tUl 

o J J ; < (_yJjj <,_^UI ^ (_>ajVl (jL^ L_4-^ iplanet-wide 

e\ A\ Cj-j\S i3 — liui 3 (_yjlj_s. J_i_a^ 'Jl— >■ e5' cr-^J .j_usL>JI 

(j-l». i:i<^^l i2iJ j I < o III ji^t (jK ^SJ-^^ i_3>LiJl ,jl jliVj . LAj! i n 

(_yJ»-Uiiitl iU< i^-ill ^1 i^LusI .^j''i<_i j_L^f iijjjLU j-ob (<i£:J 4 i< <ij 

.^jj-ll 4jjLij «L^ ^L^ioJJ j»j^Ulj i(_ylLc. t 
ijij-Jl Lot .(_jjL^_^ JaLiu Ljiu jlb i-sM-tJI Ijuk ij] JjkJL>J.I (jjij 

j! (jic Ll^Llcs iLJj III «1 Mill (»LliuJI JLi^l t;^! I j' " Jt -vj 

Lis\ iiiUU i"i I II H-wl i(jr<j>.j^piJI J (j^jjj^l Jjiii'Ct nj_jJ^SLII J j 1 n'^ ! 



.iilJ, (jjj^ ^ >^ Jj,.V Mltl 

jLiMa i(jrj^ljjJI (jjj iiijIjUiJI /ilj bombardment < ni>-<«]| 5j*_luj 

^^Vl fj^l (jj^ L?'-*-''j U5i>^' JLuji^I ■ t^'jl-iJI (>« (jrj^>j (j-a Lij/Lj<! 

(jdjjULI jjruLfc (j' j-'i .*U.I jLitJJ '^i>-*^ tr'L^'J' l5>^' (-a^LiJI (jji 
L«jj ii_sl,«_u3l i"it J ^_^L>JI |_^jj>JI ^U» .^-ll ojljp ^ ■^^"i ij-J^ CjLmSLi 

CjjL^ ^ * J lTS' ^ib-^ 2j'>^ Aj^J LT^ aJjLlu Sj3-uaj f.[X\ Jla-j 

i-sMJlJI i^^Lvl Ijl niilj ^ t_>XjiJI .( 4jj1^ i^jJ - •) 

lij-a 4jL4j <*jjljej Lo Jup jjjjiJI Jlj. h i. '> I 4_l9.$ j^iii jjj.^ 

jIjlI^I 'i.K'jVl (jiil (j-"»-tiinll .U» ibll (j^ */. ^1 eSj-^JI JaJLtiaJI j-flJjV 

^Ao _ VT £_fu La ijJl 51 'i! III fljj .n I ^ULI L^jj -^id cr^' «jIjjJI oL».jj i_gjjo 

_ K n ni jh^] jl^ ^iH*^ (^'-14-" i^^LiJI ij\ <_<Slj£LII »Ulf .1 n' «J 

^ III li t 4-^1 n I 'l 1 1 L4JJ 

.UI 

, "^l <i"i->.l i-Jj^! jUa-aVl JjJajkJ j V Till (jjs Sjjt J (jjSij J-»-aj * UI jliej 

Jb)j La JjI «lJc. jl^ i_jjJI «-.SjSUI >aj - ,^1^1 jj>ll (j^^ «LiUjJj 
flLJLl (jjO <J CijLS^ _ (jj-Ai I nirw (j£, flj_a^ jjL^ I ^ ' . 5 . .. 

. j^l «ljIc L4-9 i-aU i>->VI oLla jl ijijIj ui,«i 1*^-1 ■■■ jj^! eSj^ i-3^Lc.j liijLoJI 

ijJetll JjU flT 4iaKJI CjIjjjJI ClAiS jjl Lo ,^4^ Ij <i ii~n ^cJ frLaJjtll jt (oi^^J 
(_yjljLj| ^j^l ^ U III Cilit -w Jta jUa_aS/l Jjt^ *■ (jjj Jlj^Ij i^>_5e-pJlj 

oJlj Lja (_^l itniljjiJI C l" -«j Ji-^ aIjLijJI aLlII o' Ij n ii"l |«^L3 <V ^\ 

CjLk^-iil I j^jJ Cj|j Cj^La (j-'l'j i4jjj< (JAjMj « .'-t t <(_iJj_<j 

. «Lajji 4j^jtJ j^Ioljji JojJtai. (Ji-I jJI (jjs j^t^'i ijjl^^jJI 



gj^oJI SU:» iipjj q\ ^jSai ^ja> 




i^jJtj iOlympus Mons t-»-*jJjVt ^ (jjStj_J( (jr^^i 6! -j***^» ^liaja l^i^ 5jl>iHI 



m 



^jaJI SU» o« >l»ajJI 



^^Lj» SjLij (J.«-«J (jl L^Lii «ti^Lij 5j5J>.j^ tlul^ 

Sj-j-^loJI O— 3j L^jlj^ (Jj-aj Martian equator j^iej^l «iljirjiVI Jai. 
4 SjIj^Li JoLil^VI (3xiijJI i-s^LiJl 5jJl3 tjl jl iJjUI 

jJlS"! t^>^ ^>Li: Jj^j j-aj -^jL^ 

^^tj >LiJi c^K jL^I J^U. jtj^l Sjl 4^jj. jjV <(^UJI 

CjJL><J 1«(_^1!lII JSjLuUJJ lUUI» JJ^I ' i"' 4 -(3:4^' (J^'^^ 

Lxjt i«lufc 4 ot^t II (jloj!» (>c. - John of Gaunt ojj-»- o>^ - '^IHI 

jj? (a£-J (.y^J -«dj-jjJI I fi i.n t (jJLC 4j>. ^J>il Sj-usLa» 

jjf VI I lj"l-*» il jjjJI Sjljil 4 ^ J ^ 1 1 iJltjlS^ «^^j^l 3jal9L>-» C^^j>- 4J^^^ 
J J " (<(4-L>JI ' ■ ^ ■ ij^j^Vl (jJL^ 4.L>.)) :^^j^l «Ldllal (^^jJI ' ^ ■ —j ^ I 

jLLa^VI cl^LS^ I ^ I i/- i4Jlu ''-'Hj' L-W^ '^-d>-^^ ~ ^-^ ■ ■■ ^ 1 .1 J -v- I <i ir-^j 

5l J ■»■1! Si _i ^ 1. 1 (_3j|^>JaJlj 1 1 g fl a I '^'y 7n (J5^'_>^'j 'iJ^'Ajj tfLiilj <it-><i . c'i 

SSJL^JI (Juwaj 4_jtr Jlls! (^jill (_yjlj^l jtj^__«iJ ilijL-:». (jj_II Ljs 

'l I "i 1— . Sjj ti a 5jj if-ii 3j' (^>^?J' 1-3^1 iJI ^ I 1^1 il o 4_aj^_Laj 

CjL_ljj_>. i_ya-xj OJ-a -> o L<i^ i»l i>> lili (_yll ^j^^^SUI jL_[_<at£l (j^Lj (__>ia_jtj 

' ^ "o iJjJlLiJ .4_j_iej^l 4 j lUiill ^ a-oJI ^ "<< J j m 

^\ ^ I J 'l 1^ 4 J <i i"f o I il 1 o ij I ' r I I Atl ^ ^ L-)j <^ 

^1 a loLJLl t>a J-e-^'^' L-*' '•4_j_jJa^t (« i nU i_3L_>Jt J -jl>il 

^Jajjj (3,5-^ ii_<Sji!i cLa^j! a -w (_yfl Lcjj-a 4j| Ij-^ J g.. " I 

.<M (jSJj ^j^l 



o\i i^^l eiiM-iJ! cy> <. 

T J (jl-^ i-a^iLill (jV n^j^l i_a>LiiJ ili^jJI >jjtJ jl j_1js 




jj_>.4iJ ij^_)jiJt jL«.VI L^mf ij^f Jju Ojj'> I nll <l9j_«j L» IjLalil <JJVI 3 'c jruilj 



I4V 



jaJI x^ tU> ^ liuaJI 




L-» («uJajj iMargaritifer sinus ^^Ij^jI» ^■■,t-->Jb jcj^f - ^ ^t^-^* ^ - -i 

dLZl oi ^jj ■ >* < * I. aj^u.,a o-**^' i^JU-SjJI Oi^JLolI .*L»j»l5 ^j-owi 4jlS 

.(HL^ij>.^i£^oj>i^)fossil life:ajji>d»Vi5Lpj)da^ U-''^*H^<j^'^>^yjLi>'*"^^' 



ji^SLjpj J»."-Hlt j-« T' jlSi <Ui>j-fi ^JuJ^jJI^ wJi-a J-S-ui j-i-lj 4^^f i^-*'^' 



ijj *~ ' "J ^^JJ -(J^lj III JJS'^ ^ i^f J flj I LaLaJ (_3L>. 

j J^" J-Ji-aJ ''-il^^ SLjjhJI i j ^ a (jL^ jLjJI jtJ>II (1)' Cr'! o' J J 

1 'la i^jJI j^L>J^I jujuUI JIj mil tjLa i4J_u/ (irjJ^ ^-Vj^ ij^ VJ-^ '-^ 




. ■l.JjJ'l J ^* ' ^1 4^Lm»VL iA^.^!^! jtjjjJJI ■U-triSi «Lu^Ju^JI 4ul-l^^I ^ n iiTI 



.^j^l ^l^i ir 5L_Lj>Jl J>^j 1 i 'i^ <» -; M-a SLljsJI 

J J. V "i 'l ij( l ii'C . o - j''^ 5l_L^ -^^J-^-J i^^l a " r -» .1 p-v. V di! j 

jj - Jl i«< J jtinll ^ 1 nll CLt2>v) L^J Ij ri" m o CjJLjwj 3| j >JI J^pj V K .'r, | 

a jukj .^l^jjJI JaLiuJI Jj"-^ (1)-*-^ Cr^^J 'i_>^j'^' i'i^i" i_a_j^SLII _ J . ^-'a t 
J1;><j L^jSL! . (jVI (j ^i-nU JLiiJI i2y5 ij-* '''^!-^>>^' oL>.| jJI» 

Jj-oj J ^ ■ (ji idJJj juu robot explorers 3 n ^i^" i,i U lUjIj^^^ 

5l_jj«JI (JK ■ I j j" Oj a" r .il "i-Lfl^^ CjLcaj" I II a L^j! (."i J "n Ji^ La 

^Jo-ui i^j-a 4ij| mil i>l_iXI J r f«^J i4j^ (j\_j^Li 4_ajjl j2><> c-J^ "i n"\ SjlL 

i^j^l ... ^^^^ Si J i_3Lui"i (jj-aiaiJ I^L^ (j:; siLuinJI 4_j,Lc. (_$jJI 
Cj^Li-j I ^"1 1 Cr"^' 4_i_lLjlJ| ^Lllll cJj (jjj i~n <ll CjIj i i mII i-LLIj (Jl^is 

j.«JI j>5 o^M>*k. (jjjJlj <juP.I jJSjLs 4-ul i>if} II 

Sjjj! j_^I 5!i>tii ju-a ^j;J.I ^ 5Lp. LiJUjk dJiL^ Ujj <Lil ALH 84001 

i^c (JLi-jsVI (2ru^m olj r j-iiaj i^j-j-u p (jl 1^ li" .jj; i I II I I ij^j^ 
dJUjk CijL^ 'O^' I II (_yi<^ ^Ll:*- i^Lljk OjIS jjl La „U J.-»," 4_»^^ 

<jL<iuJI ^ i_3^Ll>.^I <j>.jI <^^>-«^ ''•-'-^ ^W^' Jl'v Mil J ^l-^"! 'J» .^11 1 ol J -»■ 

t>SL*j v ti.^ .. i j ; jf DNA UjdJ ^! ^\ ALH 84001 

^) J!M^*j^U ^ j\ (jjj (j;UjjJI Lru>LJ (j-S-p (j! (J:jIjj>^I 

DNA U^l J>L*:i fjL^ .J j.SLj ^^L^t ^^i>^ cr^! 'i^^' 

4£. ^ ■ ^al ' 4ioj Ml 1 1 J Mi'i li a j-ajo (j? ^"^j"-^,' tlili < i j i n ij tdjj>.jL>JI 'I ^JjH 



ISO 



^L_*LJI jj_;uaUjjJI DNA L.J ^ IjjL^ Jii-^ .(*"^) oL-»>-^l 
Ujj DNA UaJi (j! »1 ftUII » ^' -j .2LL«L^ cjCI^j-^ reconstruct »1 mi 'm .„ V 

^jjliu Jiia i(JL>. ^1 ^Ir J .4 -»- <i I («J (IH'J i4jL^I "^ji^ JJ-*-*^' 

LaS _ j<uj|j.j>JI jjjj cjLoLSLJI ajLA cxjLS .ijjSUI d)^-^ lS' c?^ J' 

oli g I (jSUj (^jJI «l-s^jVl JIJjjJI tjLa _ Lajj^^ d j < ftVl dJulLJ! tIfyiLuail 
(jru L-a^l 'l -^Vl J <Lil Ml 'U 4_^j La :(jj<j ,11 <LkL 4jL>.)?I d—j-aJI oLuLSJI 
i5l J -sJI (j-a ^l_jjVl aj-ifc LtiJ «.rn'^ i'i-uLi_«_jSUI oM-cl li'ill 

JjLuiJ <1 -w J -H- TltJ (Ja : Jliil Jj ; I n S4 j ik i jVl 51 J ->JI u J) 

<*_i_iji (_3J£. jl fl'if V< Liajf I ju* Jjbj SI g 1,111 'l replication ^^jiLilll 

SL^U-tj 5jujl>JI Lj>UJI tl>J3Si (o-S^ L^j^b 'DNA CjJL. 

L^l Lifl_lSlJ^lj (TjL^ ^'^J 'J^-'^' (Jj J I ,1 "lliilj 

.4_Ljj3j*iJI 5Ll:>J1 ^ 1 '. . .." ^jJI 4_cu^ DNA LjjJI tlaj-iiaJLi V' , n" 

aLLi^U i^jJI t^^l (_yJl (_yJLl]Lij <5Li;>JI ij^U<i}]\ >LSLI ciJ^~< mi o 

(jro^^j_L^I <-,l r I Cj j i j , II (_J j-II j^VI) <jj>.U (jjjj .j3jLj-"J' J ifi lill 

c^L^ y _ !i<JI SLjjJI JISLJ:,! jLs '(uj Jl <i~->.L^ «UsJL^ 

comparadve 4jjLll.l Ll^jJj_i-JI (>a -^^-^S oLa^Ll^i-VI 

4jJl>JLl ^1 jj^l ^ O^j i4jji>jVI SLpJI (jjj ^1 ^1 ^ (jjiJ ibiology 

^ ^j^l in 'l -^i iSzOStak '<tl ~ '"jj tiJL:». Jj_2j .5L_i_>JI ij-a JjL_flJlj 



lil 



ji^ i 5 Al" ^ « SLpJI ojuk (jjSj jjl 'SLp. (jjlc- jJ Lij| jJ^T» :5Lt>JI 

Ljail «Lij^jj 4jLi-a Vi mLi replicate l-IcI i>i"ri L^Lil^l ^ 

5 U ," jX\ i> f Ij iill ^Ijjtj (^J>i>JI (j;j_i-iiJI LtJlj <i r 1 g'r<1 iDNA 

SLpJL (_^L>JI DNA LjjJI (>c ■ ^l".~" oISj^jv ^ cross-linked LJLua"! 
3 r J 1 — ^ l' 1 " « " SLj-sJI (Jl£Lii/l p " jjl 5^S[^ 5 J Ml J cdij -*J>JJ .4_i_usjVl 

5j^:».^l 'a\l" -^.Vl . U . „J '.4-^1 Ml a ^Lijj^j». CjLjLjjlII ^jM m i a 

5Lj_>J| jjU" J\l ^". . ..I ijjjSLj 5 iil<"iU CjLa^mi (j-a Ij-ff^ IjJlS Jjo^LiaJI 

JjLscJ jj! i._ i-r J ^ jjfcj ijjLiii Clji^j (jJuI i^jLUI i ' l M i j JlSj 

oLpJI IjLa (jSJ 1J*^Ij L^Ll/j DNA Uj dlllxjj iLliLijej «ujUI Sjjjui 
L;>UJI d DNA UjJI L. Uj j^iJI 4_j^j! iUI 

4,j a Ih! CjLiioljJLcVI a j-^ (jj ^4 j i'njVl 5Ljj«iI Sj, J a U j i JjIj-uJLj 5*^L»J,I 
MJI 5Ltj>JI (jL (jisljJIa"i?l (j-a jJLJtj (j! Lyic. • j^Vl 4 (ij n ;4_*jJslj 
jjfcj _ ^^^LjJI (jisIjjsVI tjL&J .Sj^Li. 1 i Ml 11 1 Ij iLuLi». 4 J Ml" q\ 4jjlaj( 
Jij 4jjjLjtja ' " <(^^) SjjLLJI 4j^JaiJ i . i i , a -r' i W CjLulIj i<Jki (j-a 

4_tJuJ S-ijLlao^ .-.i .t_ari-<."i L^l I." I f n JlS 4 j iXjI oLpJI (jSLJ .(J j i ul i 

iCjLiji^^SLj^ (j-a (jjSjj 5L[->J1 a juk (JiLa CjjK 1 jij <4jjuojV| SLpJI L^^Li!Lo 
(JISIjjj! 4jii (j-a jJ^! ^ j ' SLoJl (j-a J|_5jJl Ijuk (j,lc- 1-^^-»^ (j' J^J-^' 0^ 
a juk jj^ o'^^ "' I i 1 JJ • 'l J iXjVl 5Lj_>JI (j£. Ij j 'l ^ i_fljj_5tj (j^l 5Lj_>JI 
: (1>^ Lt^ - ''J^"^ (0^! (jW '-^l,>i^^l i3i>^ L>^ CjLu3l^p£."i?l 

^' 1 " - .. _ ^(jisjVl Sjj^^l SLpJI 4_i_u3ji MJI 5Llj>J1 4jjij iijJo i^Lj 

MJl 5L)-*1J JLi-a Jj! Lij_Litj^j iSLl^I ^ Jl£LiVl cdti jjbii LaJu^ 

J^l_<iJI "U ^j^Iaj 4_i_SI J_ua_a Cjl_fljL«Il (^yi JjLk jJ^i i4- j i >-> jl 

^<i4i LL j^jJj j^jJl ijj/iaJI U-La 2Jla! 40^ 1 ;1 o^" mij .Panspermia 

.jji.'iJl Juti <— <^J^ (jlc LkjjiajJ oLpJl Jjo! ^Sj>^ (jlll 4jMil mVl («jjkLii.1 



Ori^l M»S elM 4^ «L» ^ : I^W 

5Lx». Jj^J Juo 4j_^JaiI| 4jjL>Ji.l 4_SjLjJI dilj S«iH (_yj3 LL*^ 

i_3^LiJI iS-ila thinness iaj ^jV ixUjj < jj>tl (jr^l ^-iSLAi cjLl^j^ S^j^ u' 
tl lili jljL> (»1—^ cil—ljlJ -5 ^ -~ "tl ojJ-1 I". I 'i"! 'l;? (jjJlj 

landers 5 _i .ojt cjIU'»- a j-j^jj h_<_<jXJI J>j^ (jIjjjJlj <j_j^l 
jju itdLlAj -Antarctica 5j «i^_"<t,l K.i"i<jlljt SjLS 4iL>JI 

CjLV^ <jujL11I a j i,. j\pi cliLjt-iVl Sjl^LS ^ JLi_aVl Olj-i-i^ ^jiaj 

(_gj"i I II a J-iL»' (_^| «jl^LuJI ^Lj^I cjLikL>ijlj (JLj->JI i^L^j! l^aP '^i-' '»-"11 

e' ** 

L^jua <i h tll 4 J 1 ILiJI (j I 1 fl^ 1 Lj i « I. <Ll0^ i n i m (2>^ ij^^ J J^?'^^ Joj ii i n 
Cj.>iJ (.7-^' 1 l^j'i^jLgj! SjLS 4 J ii t (J 11^ r gjj (2>c Sjl i r 

iDry Valleys iaUJI oW-l^" 6^ «(-ouiiSJI JLtL>JI cy> o^W^ L^?Co ■ klJo 
. juJUJI <»JI-»- *Ross Desert (_>ujj «Lh*-^ 1-^5 0« ■<■"' cr^'j 

^ J J .' ^ ^ < ^ Ml "1 ^1 i(jUjjJI l'^ • ■■ 3^-^ 4l:».L2JI i'ilj t — 'W icdLukj 

Ji.|j 4*1 "i-^U dil ji/-i->J1 iiij 4.2alj oLul^ Friedmann (jLajuj.^ iSj^l 

. Cryptoendoliths jjV i^^ill 

4jjJr I .-I II jtlau-uVl conj LaLo L^J 'i Vm j^I syuihiotic lichens 
l«JL»JI jjjjij (j^lj iSjIj-^l CjL»-jj 4.1jk.Ldil Liilj jt'illj -Sj .„lytl jj^_^| 

(jiKi Ml 11 (>x »1 n 1II jISULj 1 j J n^j IjJlS CjLuISLII ojuk ^ ;il''j .(_y3.jL>Jl 

j_>j .jUjj>U I ii<J v 4JSLI .porOUS SjJuJll j^ie-uaJI (jriJ jj;ij>il 

SLi 'K.!! j-tS r1 (^Ij »life at the edge «Sja^l -kII» CjLjL^ J1«j 




^ jaJI lyie. 6U? ^ i^jcuJI 



^JL) <j_j -■• rr-iH Ji-lj 5 ^ ,~, -L 1 1 CiL-ua-rti) 5j t ' l I II a j_yic. LjLii Lkj.^Jcjja jJ-jj 
ajjti JiLo i. "i- -u oLpJI (frl 1,^ ii" I iil i 'h i » Lj) 1 ri i ^ jjj - ' . -tl i_3^| Lfcj.A£. 

5i H i<>^ U ri fl tjLajj^ tii>^! (J '^ ^ i3_i_L*iL2JI i_aj^hll 
t4i£. jilSJLj jjjj cjjJ.1 5jIj-j3 tji 4:>-jjJ jJLi jjiVI» : inferno -i-->Jl 

I o .1 Ml i-jj^jVl j^ljJLI Ljj_alj ljjji>j 4^L>JI (jLjjjJI (j! joAj .«L^ij 
lOj I II 1 1 Mil 5 . ^ ,U 1 j (jj '^J ' " cr-^-d-^-^' jiA' u' ^> j 1 i^j_)Jt.Lj 

4jf| i I iitl «OVjuijaj jj^j^SUI .1 J Mi^i ^^Ij U_J^' lS>-*^' 4i^Lc. 4_aj ' _ 

.4jLLixII 4jJL) l^j^ U-^ - J i ^ ' -^.' J'J'^ (jA'l i.l_il->itl jl ^jisail (j^ 

Cnjki wSfS «UJI mU&^;I (((^&tlUf » Mjlflw 

4-Li_fl_<ji (—IjLseJIJ Jiajl2Lje_lJI J ^J-^J) i J^^J #l-«lc IJLJ I ^ i'^r- 

(jj-^ljj («k^jl Ij fllr 'jj>l.l (.yl^. 5l_L>JI i ± .L :a ., j U Viking «^JSliLfl» al i>i n\\ 
t-i"i I iij J * ■ ^ " ^) (^^3J J j"i hr a J <i I ,J"i o 1.^11 4-ilILj 4 « 
^ U. , ,. ^_^,JL^ 'i ■ ■■■^ ' J Ml I u J (j J (jIJ 'ij^ tjjj^ 4^L3 l^J^ia <LL>>j (JTa ^ j 

5 I J ^" . ., 1 1 cIjI MigLUI ojI ^1 «Ljjl^ jjLjj JLt^jl j<u ii_<j^^ 

niiniature 2 ^ t m U cjI^ .i " -VU ,j_xi (j;;^— ijl (J_xa_al »1 mi'iIj ^ j o (jJI 
(jr-I) (jla-Ulj <3>LJo)?l tjJ^ LajLu («j laboratories 

i'vjLfl)) orbiters jII (jh— la£;J,l 1^ X i ^ i ^'i lj * ^ "Wl j»Lc: 1 fi j <^ 

JJ-» (jj» t^L-J U i/-iVI J i 'r ~i a ii-j—S^SLIl 1 II j»iiLtuJ I Lajjfcj 

i'iliiijl i(2rCi'iu . [ 1 (j fllTvj (_yJj i^-^Jj o' il>^^-*-^' (!>-* ur^^ gj j ''^n 

, .. n I j^j^l jlajji ijji 1 j^l I II v jjjuaJI i— S'iJT ^ XjL^ (jI'm i'njVl 
«Ijvj^ ) ' ' Sjt^^_>JI Jo^jjfc ^ ijJiall' 4_Lal>. 3 „t j i n^l 

4-iiJieJ j_5 jJt jJ^t «< i Ml J La j\ I _i -w LuL^ «1 i i"ij (jy^ j^-uill oAJt 

<jijLjI£LJI ijji lIjM if->"'^ 4 I Mij La j! i4!l>. j] iburrow jj*-»- uji ■>■ jjt/^ 



^OUI ^ jJoJI laJLc 5Li> q\ ^JSdOJ J* 



jLiil ,,i ^ Ijuk (jLS^ . jl jjj5 SJISL* jIjlcI Juvjj («J La 5jj.j>m 
j! sLftixII (jV imicroscopes j^kL*^ cjIj j" ■^tl («.tiu («J 

«L)jlXa tlji in'i iijiall 31^", L^JjLs |jJI ^ ....Ml ■ (jjSl"' L^lAlii 



Jl ^ Jj I ^_>jJ L74>^' (jn-r litl (_y3 (jjuJ («i^Jlj^I l^jilo^ _Lfl jjSLjLaJI 

.^j^jjl i^jjkc ijX ^ ^jLaJI ^LUj 4.altlLLI CjLJuSLlII 




f^JiSuLSii t\i'nn]\ i'ii A ml landers <LubjVI CiLU>ill ^ 3j^I^ i j uJ'i* L>.j^ j ji^"- 




. L^-jj^ju 5 . J » , ^ cjjlj iSLjjtil i^jJUl JlSL<i,VI Ijjutj LoJSla .i-sljia^l 

I oLflj (j->_«JLa ^ '.CjlAII jiL»Ac (JjL>. (_yJI i Jl JLsJI (jjs SJj^tiJI cllilji I iill Cj^Ij 

p J 1 J L£i ij j -^Vl (<i ^Ijlj— 3 ol— ^ lii-JjJ i3 K Ml u aj—A jLjijL 

(jjj 'p d.'j' t" g-^^ J s '" J j ^ (1>^ SJj^laJI jc^^jL-^-aj iOlj i" -^Jll 
JI j ...n 4_i_SL_JI 5 t J jln!l (jJi:. Jj lOJIjJi)/! ^ o-aii li' (jA^ ^3jJ <^ "(II 

SSLpJI (_yJk La . ..1 . ..VI 

s ^;<jl lili iij>LiJI 3_ijLt.AjSL!l «.jjLjsJiJI (^.4 L» 
(_yi£, breathing (j inii't ^^1 ^Llj (j£. i- ir»- il ojL^ <— ijI -r "II ajjt 5ju>.lj 
iCating (J^VI 5 A or (_ya (jiiLjj^>£L[_a jj^^ iajLiJI i_3Ju* JLalij '^j>tl 

, al <l J ijJcj^ oL)j^>iLpi ^^I COrpseS c n ->• (j^j^ t" I SilLill Ci« i n I «i mi 
,-.^lU ? j^^l 4 J <il<1l <il «1 I iiVl OjL^ . L^j^. A'i « liU CjIjLiJI (3i>i» (j^ LkJij^j 

..Ar.l l) labeled-release ^»^^11 J^LLs^l :<_ijL>u ii^liJI iiUejVl 
pyrolitic-release t^jlj^l 3>LLs^lj t(J^Vl) gas-exchange «JuljLiil J^Lpj 

(Jj|_jjjiJI J J U ii"i iSj^ i(j lili mII «iLIjIj . (i- i°i -^ J I (j^j <i ->ij) 



■«I 



TqT|| iglc ij' lA"^ iJ'^ 



5t-l ■■rjt 5 1 J j .„1 1 j c_aj. t (jSi-<u (jr-^l ij-jiJLl Cjijjj labeled 

(JiLo 1^1 n <i oljLc. (j I ^is » ir>ll jjiim (_^li>- < n 

«Lflj^^iajj .<LjojjjijJII i'il rCj 1 1 exhaled «cjijj^j» 4j_^-1!Lj ^«jjIj^ liJLuk 
t^lj-itlll \]\ ^ i«4JL»i>iJ,l ^jj-iil jIjJll» cjIj I broth 

-r'ill J^Li- 4j^_aJI iJj—JiiJj ^ jJI ijjl inll 4_».Ljtj i.~i 1 n j t i 1 uW 

cjUjISI! Jfj^ (oJ _ chicken soup «^La-jJ! A d,-^» («-«jiI »1 >t.l.tll <*_iic. ijliaj 



juLjj .4ju<iL-a jjLtiii tagged «SJ^liLa» jj^j^^l . t j i . i '? ! o^j^I 'j 

'"'l 'Jjj^jiH 4 t .-^ 1, 1 iiiiL>JI (jjO 4 r L t .i i 1 1 LljIjLiJI jj) luijIjJI (_y5ej^l 

CjLuj^l IjlcLo) ciiljLiJI aju* t>ujjtj vapor trap «jlV jll S.aj i^a» 

liicj jUtJI SjLu-a^ ^ Llj^jai*.! ^1 cliljLiJI qm\JSi ^^jj>. iiiilj JUjJ .(^LaK 



j^j 1 4jjLtjj ^Ijj «LljjJI i^Lil^l i_jjL>o t^J^^-^lol ijrtJ^jJll 
.^j^l . .. ^If CjLiJjj^-i-a Jj^J »1 «lU II (j-o (JJ^ JJl^ ^"ii'i i. il jJaJi liUj 
5 J . . .11 4j ^ o ■ ■■"' jLa La^ „A^' ^-i^^^ 5jj I \ _ J-S^ iiiilj ^-^j 

4_ijLj-ajSLII lIj Ij-i <" 1 1 ^Jjj-iij 4 n '~K 1 1 iljL^II iJIjLij» inti (ttJ*^ _ 4jj^ . .i_t 
La J if 4_i^L>. i4_t^ jl a t' 

, 1 j-^"'! "."' .~'j jlA j_pj| t-jjLacjUI (jJj) '((J^*^') i^j-ijjl 4jj.^ dij-^lil 

,' « ' «j-iil-L^ ^J^l 4j_P i II '— O'^^ 'J'^ [j^ja- I ii'^VI (jji 5j j"i t a LljLui^ (j I 
J « ' lcLa--^j (jSLI . I djlf CjLjJulILj (j,-l>JI ^LvJkJI »1 iii'^. ilyi 4 j a^ j j "' 

Ji_23 i4_l:>.jJjjj dil jla r (jil. L>oLj j^'jisjji^'iJ I I ju» ryi VjU 4j| tilJj 

^1 CjjI 4-uI j«t j^ Cj^LcLaj CjjJLj*j ijJjLiji Jj^^ 4jjej^l Sj^JlIl CjjLa-"i ml 
jjLa i^^j^l ol a K 'j .ijjJlJI 4 III -^1.] (^-a- m^Vl CjL. j a '» (_Ki*J 3^^-^' 

iijjjL>. (jJI i Lgjl j iCjji i^juJ.! JjLjJI j jUrt"' ^;_vc. 4_a^LjJI 4j^ ^I SjIj) 



j-jIj>J.I »1 altll j_o! Ji^j .^ ^-^ ..,C V| I j V ^ jlUM (_^| 4-ulj «iKW tlj^LcLilJI 
4jP j>l, > V ' r iif Li SjJLl fljuk (jSJj i "II i-JJ-^ jl (cr'"^') Cr^ir'_J>" 

Oi Tri 4_iil.£^ Jl«j (jlillj (jLii^ 4:>.jJ ijja I ^ ; ■ - " (~i rV m «Ltiejjjj 

.4j».^^jj 4jI of A5^J OJ-^ (jl^»jji^Vl 3^'tJajl 
iJlul^ jl i^jj Juu L^^jLlj Cj^^io (_7^l i^j-uAJuJI 4j^j>iJ ^I d j i n ilLij 

l^yl^ A-A^j^jX\ Cj[^jS\ i^_ya /'-Ij Utt ) J J U ^~ ^\ « 1«^ . Ll^jI <_uL«:jI ^LUJI 

^ 5 < Ml U jj^j^l Cjijj JJlC. (_y3 «-sLjj -SI^J^I i4 J V^l 4jj-1II 

(jSLjal (_^l SjIj^JI (j^ j_i_jSLi j i 'd SjLij (_yJkJ lij^^l 3>-^ -U-^^^' 
iLiLaJl 4j_>J1JI J^l^jl (j^ JljJulII 4jjLiji>.l «—ijLstlj j>ljrtll «Lijl I j'^^N " 

.oLl^jJii ^ \j ,-,<: jjt »1 J. II ^ !(_KijVi ^u,n 51 J ^11 

hydrogen dy^jj' > j (jH 'j m 'C! cP-* Lajjjvj LoL<u JjiJj.j*j 

<_ul jULll SjUI j jt-in"i J^.«:-4J jjjj^l I j Mi*r! j^lii iJMIsI 1 j ;< <ij iperoxide 

j«J J ^1,1 (jSLI t<_uLjJI 5_;.-»il J jU rt'ill iljLstAJ J l' -^U »1 altll j_ol . I g jir 

LilLLifc cJL_^ jla .SjJll aju* (_ycl «_<iVI Jal lijJI SjLjj <1jjj -»■ Sj 

4 I ii<i I (3-«-»JLi ijjLjJI 4j^_*I1JI u3 «(J lili i"" I II» L^! (j-a jLi^^^ iiJliljj^^j a 

cj^L-cI (t "II jj! »1 oltll ^~ii" ml j_fl_3 <LdJjJj .j^jVI SjJLI «ijjL^ 

.4jj-»-"II 4jjL»jyi SjLiyi tiiJj _ 

4^^^jlIL 4J0I I II 11 i"i «1 o iro i(Jj|^-i^ (j^i^ 4jj -»-"ll i^Jli* j 1 "i i'? "i SI j I I n't 

Jl^ ij -s 1.1 (^jJejyil tij^l i-a>LiJI 4 « mil «Jijljj <::JK jjl Lo. 

liilj lgi>< «t ,JjLa ji^j .5j.^j>JI I " I « I 'f^ J (j^l ^i/^' ^iP '-^^ 

(jl '"'J J^' I *• i"i -v 1 1 ^^ji*-" 4j^_>iJ jj! 4 lijt <>-< l(jXI SjLiol I 'tl 'j 'a tjJjLoJLi 

^JSLjLAII »1 alf (j! lO-*"^ *^tL>-^' cr^l '"' "^-^ U3i>^' tijijj ■ 

(j;j^ 4 J '>J>-a *>i' fljLik i4j^-3eJlII jlj^ 1 j « j 1 1 p -^-j ' " ^ « £^ IjjHj 

(_yJI «^IjJll L?"^! lt^ U-b'j-*" *^J-^ J i^"l iiJiiLiLiji <ij^ 2jd 1 ^1 • I j 'J'» 

4_^jJ v o • ijjliiJI SjJll (j^j i(4j3j_o i^J^ 'W) i-.jl j'<^ ^ 'a i^jj Y • • 



jjjj^SUI Cjijj ■ ^LajLjl jj! ' ^ a- ^ -t JLoS tdJ jj . '".jl j'- J j 'a 

^1 A -.11 jL^ ^ J . 3_uL_(_9_L^ i_jjL>o jj! (jitjj I rt> llLI jJj itdJ jj 

I ' -1 ' jjil i5Ll>JI 1— iLic. jd>''' ^t-i I n ijic. lilij JSj i»>53 jjl 4jjlj «ij'vll 

iL*i!i CjjL^t s al .':.-.<l L»^ ' I I j_4 Sjjji-us jjSLjLaJI iJjL>o 

•l':!? f»! ALH 84001 (> 5Lp> ciJLlA Ja 

(Jjj ' _ 'J—J ^ SLl>JI JJ^J (- 1 Tn ij\ (jrif a (_yjl j <» j'^ (JjJj (1>^>^ l)^ 

. \ ^^"1 ^..U... a! jjj, jjLJI ^ J rt<;U 1^11 j^jil '-(^r^W Schopf 
jj^LcVI i>\jj jjt jlj^ (jjJI smoking gun «(jf^i-jJUI j^jus» ^j-i 

.ALH 84001 (^_>^l S:»^*-^!! oUjj^l ciL^ edges l^I^ 

(_^J_uJI j.^*->JI Ji^^J Jtk^ uM- 

jj^jj ii^LiJI ^J^J^ Lalj L«l JJ^ c^Jl ^LH 84001 

Cjli Cl»jL^ Ujj ^i<jl lili Vjk^ Cl i <ii><"i JLflJ -S-a»- CjLuK 

l1jL1j>j>JI t>a LAlliJLI 5^l_jjVl (jji «Jj^jll oLwiLIl i_y\^ Cj^La iSj}^ 



tj| J l ';' ! r u^lriSLIl ( _, i ijUl l ^Ll2JII 4S^\ aiiJt (j-»-^ 4i>lc.j ^j>LI 

JSU AJ>.|j (j^ JSt (^^j'-nI ^Jjll Sj^ Cjj.^! jJij (C^") CjIjLiJI 

i4_L». cjLuL^ 3it J « illj iSjuufcJUI l5^j"i*sjLtj! SjLa ijp (j-^J -o^j^l 
oilj j! liL^ S ^>jifl IL» > - ,,rt ^1 cjUSI^JI JL»:i] 4_>.uu LjI 

i^jjJLI ^In i II (_yic SLt^ 5jLL<ail jlj-iil ii^ Lij^i ii-«^ 4jJejjJLI ij^l 

.SLpJl lSUj Jy>-J (jr^ ^ - 1^1 j JL=ej _ L^l ^_ylc 

^Lij Ij 1.^ 'y (jjjJI lyLA^jlj J I tl 5_j_LlLiJI i:jji_o_>.f S jj>il 

Jal n i it l (^l->- ^d/^' I II (_,ic (jjI , Jal Miill j! 1^ i^jLaJI 

^Ji^l 4jp jtj i4-ai M i " . ^ SjJLuaJLl CjIj "i |«^i4-uaj eS'^' '(j^>'>^^^' 

l_^jIL>>j v 1^ i^iLfliJ <Llx<3jV| CjLix>Jll aIsLuijj i j'" CjLLl^ ijic J '-^ Lr^' 
eVjjk ij^ij ij! (jSLaJLI i(Jl— >JI d t J jV<.iJ • ^ "tt-* " 5l_i_5el5 jjI (_5t 
jjj—S ijjs jjiJ^jL^— tl f S?l ijja Jl^Ij ml JL3j .jj^liase—A gl^, i,.>i„ll 

cjLjj^ ^ j ,« ■^j->-j S^^SLfl j t Levin (jn A cjj A y (jJj-^j—j-jJI jjkj _ jjSLjL-iJI 

Ij^l SLpJI c-fli MM^I L_ijL>u ^1x1] VI «"i-^-l oljj I iiri'itl i-T^^}^! j^JLdJ 4_L3ej^ 
^l_jj JJ^J (j^l CjjLii! J_a le^j-il (jic itfju^ ; ^i'vjl liti L^^^^t 

: ^_ i -ir 1 ^1 1 jjk LiJI j (J 1 1 ^ r j! ijj^ ll>^ icl^j». «LuacI J^J-«:9- (jSU lAjjLauJ 
J J i,i n' JiAat JUso iiMJJI i-jjLfclJI (j-a JSU 4_ijL*jyi JjLUI o' 

.(>jVl ^ oIjj(^I tULii 4_^L>J (_;UI ioSL^I o>LcUUI 
jLifl liUj lt^j i'iUf t ji5 jjSLjLiJI i_ijL>u (j! 5 "J-'-- ijSlI 

CjjIjIj ijjlJjalS jj ' SjJ. «Li^U» 4jl£j olli t3LLj>JI Jj3-J ^ "~,1 /-. j '. ..'a 

gl fll«ll (jL i5 J i<.,Mill 4^Lir n 4 I I -v SjLa Jl^ V iSjuIjJLa <Li_LJUui i .C t"i 

jlL» JjLso «LuLj» «LILSj (j! ^ ^Y"\ j»Lc. ^jjJ.1 j^ic. SLp. -^lj^j JjloJLi l^-iiiu^l 
jt «LjiLj» jjic, jrtjuj IjUL :JIJjj< ijSLI .(i^jULiii^l «Loi-I i>jJI diJi 
ojw (jjjJI tiilijt ol-3 iJLv . IjjLj VI j^l a'iAVI \jjb Ji^ (J SiiUi 




gj joJI 5Lp iaJI 

Cjl^ijikll ol*-! Jiilrsj aJLalil oL^jJI 4joj£L». j! ^ ^ji^ L».li;i^| 

iILSj D' Cj^J * " "'J ^ -"-^ 'J:;'-*?' alien corpses 

f_jS iJjjaIJ' (*^?^ O " '"^^ ' " ^l-^' OjI^j aLt»- Jj^J 

.5jljjlj>JI 5_LflJ^( 

Cj^L>-j ^ J ^ ^ '^J^'** D'* "'j'*' ' ''^■^^' (^f\ILu-iLjJI iJ>>-J -J^J ' ^ ^^"^ j*^ 

I II (jlc SLl->- Cl T _iU iLaIjjlj». SjL^I Cjjj (j£LI i ^ "i o 
jjl («iC-j cA*-^ .4.^ i^ijl ^Ul SLjjJI jjc i\\ ^ AnC- i ellaii it-iii m 

3j^Lt i<^ cjI m f 1^^-" 1 J ^ ^ KjLiiJl (j' (jj-*^ Ij-iL^ »1 iltll 

J_u3J j'^ (jij k^LLA SLu^JI J}:>-J i, 1 «j" ml JL^ ^Jj-1.1 3Jjl i iill oLJll ^J^J 

(jS-o ^ '"'J -'J i^j^jVI Ci-Kj j-iL>JI jl 4 jj U iiti j" -I ^ II ^1 ijju^jlt l^t^--- 

5Ll3. J_j:>.jJ '^1 <l "i-^l ij I ii.n.i"i1l t^itl i_i^lj^ '-rl^l 3-*J - jdj-^' (j' Cr*J ' I d .' ' ' 
ji>^' '4 J i'^\X\ ij±) '''l « 11 CjIjju-J! JI^Lsj -jLi. 4j| ^ i>i"il JlS _ 4 jlf 

■ C M a 4j| (_,lr 

JuLU l1iJl>.j JLfl SLpJI «Jjk OjI^ (_7J^ iSLpJL ^« lili ^Jj-ll jlj iC'^M ji^iLioi 

JjJjLi Lijuj ^ ALH 84001 j.^*_^l jl .(^^ 

I jjk (j! VI iLaiia^ tillj (J*ij (j' 4-JLi-ujJ (jjSLj ^ l-*JJJ 'SLoJ' -^J^J (_,lf ^i^lj 
jL^V (jL< J g Jj^J («^-^ L^-*^' J:fl-lJI 4j*_»^ C*jjI ^«uJLiJI (_^j_uj| ^>.a->JI 

^ 4jjL>. LiLi^ J« li ILi («jiaj (jL^ _ Ljj_4lJa _ jjjJll (jl jl ^ tiiljj i5jyj_3 

tljlj^—^ _ SjLll jjjO (jn< 1 LLjjJ l(_yJjVI Sj «JUj l4jlj t JL_J_JL_JI (_j_U3U.I 

^^:>.jJLj (jj) ol-gj (jjj-II el— «JjlII j»La .i)LiJll liilj Jj^j ojjSij (.7^' - i^Ljjj^^l 
j-^ p d"' JL) '''' " t4 i I n:^o CjLtLfljj (Jjuaal CjLojI< <ij (jJJj^ jiP"' Cr'! 

4. J i I» j 4i>.j t a ^,>-=ej (j! (jVI 1 i «ijj ,SJljJ_>JI CjLajU uli < j^Si i iil 

.^j^jjJJ 4iL>Jlj aJjLJI Jj ^ I fi 1 1 (_yJI BjjK^*^ 
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4^UJI duyll fiil ck2^ U£ ALH 84001 
^1 Sj^^L, ^jdl aiUjf ^1 a , ,„;tL. 

Ijjub ^jUJ Jk-Llfl 1. Ul-stl (jjjiJ>Jj 

£j<". j':! , u a ^j^ILu-o^ I ' 1 1 Ti < 1 « Ll^Lj» 4jL£j iJl^L^ 
(>1 4jL^yi ^jU' M,"t (jj 4_uLLk_iJI CjL|_$jJII 

Jl^-^--wL, 4_3i*JUI 4_L^L^Vl iil^Vl 

1 ^ La^ i^, 4_4^J ^ 2l J » Jij__>.j 

1.-^ -«J I IjL^ L-uLajI » a -^^d3~^ o' ^ J « . ..J I 'a 
1 ^ J ( 'n *^j3 (_7jJI 4ljj UtI ->■ Atl ^ j ~ ^Ij 

1 ''al . „I 



i_>^jVlj jjjJLt tiru ^pl^l line up . aUU.^Vt 



.(_> riq , .U I (jjl 4 J i.iM Li 4 1 .1 n't I a g « iX j (jjl tj;t±£j5LII ^>»-J ' iLajj 

«Uja (_jUij i^jJI 4 . II li'i Cj^^I (_yj3 .(j.ii.a.L'iJI J>^ iLal^ Sia-j Y , ^ i j 
'/.A^ jjl -y" V 'Slclj-l^j j j 'i< t jIjLa i^j -r~i_i ^jJI _ 

^ J ■ 

^ i I ii'i .5 ^'il -U Ali cjL^jJLI tjjt j>Uoy f'jj-'l alignment 
((j^U^"^' Sj-aLj» (jLi llUjlij ■ 4 « 1 1 nj (j'*" * • " jjj-^ iSi^ ^ j " 
j»L»JI 4jIjuj ^ ^^A j»Lc fLJail jJl^ ^j<' ■ ■■ Sia-j 3>Uoy 4_jJLlJI 

4-ul ir-i^ 4 M li I II «LijJ i«->"it Lajij)^ «LuiLj» 4JL£j i_it£,Lua3j i \ \ W 

.ojjj^ 4.1^^^ I eJJb (J i~i i u'y 

i ) ^Lc C-tiilcul iLiMiJI 5 j".! Ali ^ A . „11 ijii.g^.i.^ jLil 

t^i<jl lili 4 J iXjVl tljlj^^-aJI (j^ Cili^jj (_ylJI 4_atjj_L!l (jLikjVt 

.^^_i^L>JI cut^jJI ijjs ^ij^^ ~ • " (j,-!^ 3j_aUs 51 j ijJLxA '~ — jl 4jl 

cjLo^mi '■'4£>^W^'-'^d5>-^ IbV j'*- iTi <i <i 1^ I gi^t tSlj -till (*•«-»■ iH 

4 «1 g a ^VjLi I i^^Ji Cj^L>.jJI eJJk LjjJ^ "i i ii I i ^ t-^" ^1 4-3eJjLjj ^^i^l 

I 'U" ftj (.7~^^J Lt-'I 4^1 I r»g 4 M<i I II JI_Lj<jl I rti"^" 4j^Jt.L<aJt pjj''"^ 

Lj^£.J '(j"^',? .^Ll-oI SLp. CjJL>.j (jj iiiJLlA 5lj -till j^yC I " I -»- J u SjLij». 4 1«^^^ 
i^LusJ I ^ ^^V 4jL^ Cj^L>.jJI ojjt 4_Si>u (j? jjSL«J La (jJJ jJajj 

Midi II a n LAjUiin 4-»4^ lij^:!;^ (_^| 4,iAJki ^^j^VI j^L^il (jJI 

ij^jJI iSj^\ i_3>LiJI j»ljLitlj^ljj . \ ^^V J I a " I I II jd>il Lr^l (j' 
(Jj^ I a^lif ajI I II a i U _i i t ^Jjlj_u3 ^^Uolj i4_jX.j_iji f.Llajy all 



■ > j-v ^J-' 4-Ljl lili «I 'J A , .Jl , ,, (L<H ' *j .^jpJLl » ■ " iJW^^^ 

Cl 4 n\ li^'i 4 'm li m (jJkj laLu/Lj» iJl^jJ 5 . .1 "tl (jjijLa» JiLfl 

jjt i \ ^^v (j i i lr-ii iiiiT sjLLo^ ajL». (ya ^i?-"-! (jJl oIloj lt-^'j 

Ci , « . \ g JlSj . 1 rtIUn 3 'n rim j I a JlA (j-C «-(jr^ ^1 '"J («J^ iL^ (j^lui^UI JLo^VI 
(jljlia (j-a Cjljjjji jjjl JUu j^jjjjl (_>ujLa 4 n\ t'rt <i II 4 ij <7 1 uli jL5_fl 4jjL>. 
1 ^ (jui^j^ |«^l 1 1 jl r 3^^.' (j^ (jO_uLua^ (j'"' 'j a . ..1 ji^j_ouJ| jLsoVI 

4 J r 'r-> jT Cj\ u -y a |J|>jjj jj-:^^' 4 « mi! ^I, t Vi i uLi ^JI>I.I l-al Mi^v"! ml I 1 j "o ' *■ 

ground controllers j^j^sjVl (<i<t 'i! I ^jj i n a jlIa -> t^. .. landers 

1 j iij^^ (j-^ JLju (jJkj i ^ (jjjjji 4 ij li I iiILi JLuajVI o'iJJ'^J '"^1 jL>>jVI 
I 'l 'n} iL^ J J »1^11 fjji I U-»- < _ 1 1 m i JJk_jj La ^ i^jjJLl 

LajI^ (i'} I iil Juu 3j_uiLi^ (jisjVl (jJI CjIjLuiI (JLj<jj (j— c Y (jji^^ I-. ^aj" 

. jj>I>l (J^*- CjjIj jI JL9 
Cj^Ls-jJI Sj— iliil I a Sjj 1^1 (ji_fljjSUI ^ J f' jl^^Vl (_yJJ 4 J m illj)) 

jLl£.] anguish <-j^I j>-«-i ^-a-Sj jl r i,.< in II jj^Sij ,4_ijL«ia_iII 
frlj^t 1^^^ o^jjJ' frLuiUlj JL*.jJI 4j j « Mij (_5jJI [ijjLuajs 4JL>.j J Ml '«^ 

OiJ^ U^'-irlP .«jjjLj5J.I «JlA JjI 4 ji^ U ^«^Ltj. (j^ 4 o (j a 

«JlA (JiLa LajkLjija 4jLp. a 10^ jJI <(^l jLa 4ji_aL>. jj^o lOwen 

:jUqjjVIj j^jjJLi ^«juia f.Vjjfc 4j La jjl» :^L3 i_ajaiajj iCjLt^ll 

<_jjL»«J i4^jL>. jjol^ iSjUJLaw CjLcl^^Jti.1 i^^j^lajJlj p j i ■ ^ "■ 1 1 i-il j : . ,. 
l^^Lijj Ljjjl in "S I i^^-AJ (jjJI Sj.^3.Vl j-ii^l (j-A Ullj . 4jLL»j i Aj I ."A^ I 
jl 1 ?i M l ^ jJt 1 <i • ' ■ n j-C (jl . L-a ^J^aje—uJ J 'i ii 1 j<\ a 1 .-i'i j<J (jJ-II J ' I jj t-^"' 
4jtjljJI 4 J i^^jVl J^j-II «j-A JL^! LojLL»^ tiiljj .^^j^Vl jaJIjjJI 




' jiA' (>« 0^ galactic ghoul « J5Lk t^^^ Jj^„ ^ 

jry-i^jJLl jjji ^LcJ-jVLj ( - .J 1^ ] 4jf jf i^-i l il i 1,1 n i»L^JL5l 1— tstjj 

J^_xJI (jjij .« 1 f>Lc ^-LjL^ajVI I <i g 'i ll-.T «J j-iSLjLiJI (jrOjjIjJLl 

nijjJ->JI Ijuk (JiL« £jj ... 1 'j t Ij frl «iltll ds^^-ie-Lj I a 1 'it- «LjL) jLaI^VI 
i(°)(j1jijl,l g^Jol J LU 4 ii _i J-f^lj (_yjljJij V 4_Ljj»_cuJt 5al , £jL^ 
4JlJIj Cj^I (j «1 lio ^ i n "1 1 1 J ^ I Ml 1 i()ll J Ml lili ''-^•Ji ^Loj-i-aJI (jjjJlj 
(j^jLoj (Jl in'iVI LjjL.5_fl (j' JLJLJ» : 

(^)JPL |»1 o! Aj lijjjLS. 4.J n Mitl ("^)l£jj|jLJt <-■-»■ ".'1 f i jJZjj^j] 

.^(_$jj-Vl i_AI^£LU «L-L^Lj» 4JLSj (_yjJI <>» lili ijn mil (^jJI 

L^lj i^J« litLj ■ ■ Jl^ «LLv^I (jLj (J^LlII 4_c J -r a " al i ^ 'a 
i^j^l «LjJjLaJLa oljl 1^ -^J^J Ci._i "1" 3Jjl (ji^ 3 ii j li -».11 CjjJLc. 

(_^l jj 1 1 1 (_JJi_>.1 tjl mil <U>-J 4 I Mi'i ^^5La oiji i^-a-V (jf jJLaj 

(jl£Lij (jjo («jJiS (jiii-<> J^j^^ jil n"f ^1 ij-iSLjLa 4jjIjl1I 4j^jJII L^iloiUJI 

CjL^.1 la^ (jl_4j| !VLj1-A 1^1 tffijj i4_)L-ilI (>jiji 5-11,1 j-J>ll 

«j-AoIl ija-j» Ji« iFace on Mars (((_yiej^l «Ls-jJI» jjl jjiVI 3 7i^->. j . jj.g.aj».,1l 
.jjl., m 1 ala j_u 4jVj_i ^ 1^3.11 «i-jk-^JI oUj <Man in the Moon 

.4_3jJUI JK.jiVl ((i_aj_jjUI» t^j_<ii_JI ^LajJI SjJl^ , \ g Mi't 

. JMJaJlj ^jjIaJI (jji Ij mi r 0^1jSL<jU (Ji-lj laj^jJI ir-i-^J 

(jjjLJj-tJ (jji iJjJjJI ^-^J-i*^ (j' (1)^^' O^J .^IjJtjVI 4a£^l AjjJ 

jij-jJI Uj I II p j 'l (jr^ i4ljLk ^j'i t" 4 J r 'ilaj^La « LcuLL» 4jLSj jjU 

.4jjVl (jji Jb)j»J Lili. 

L^.lljj3 CjJuia (_ylll Cj^IjJI (jli mil l'ij_lm"t JLia iJI^Vl 

cjj o" i iiI t_i^jSLILi Liiii^^jijo SjLj LhJjLjJL 5 m'v'i ^ tL^ljjj ^Lul fjl^ jf 

4 ni ^'ill 4.1 1^ -»Jll Jl<[^I (>a» :>ljL4 j-^Vl jjjjf j^JlI) .SjUJlC CjIj-LuJ 



Mi 




4_i3 (Jl -»- (_$jJI CiS^I Jjisejj 5 U , ^ Jh^LjJI 4^1 i'nnW (jii mil J mi lil 

iUj j_Lo LaLt (jjj Ml r n'il j_3 ^L^ lALH 84001 (^J_iUI 

jtj«Jj («J C^i^JI I jut JM^ (^SU i4jLiiJ ^JlS:^ U"T.J"'"' gj^LiJI 

1 \ ^0l j»Lc. (jJI J-uaj Lljl^ (jrl^ g^i<_iLflJI Jojjjk Jj^ LaLc ^jjj_<iLC 

jjjo f_y^[jLjus J — o_3 JjV (_j " j J ""^J I II II jI-.>ijVI j^iiaj (j^ 3i \ "i-lj 4_i_4j 
J^Li. 4jj>.Lia 5jj mi i n o i l i l l ^^llnill i-fll i'i^'ml Sj-jjj CjLlajI JlSj-jjIojVI 
^jLJL>. 4i>.j (*^^ '(jjj MH 1 1 il}>ill (j^ i,i~ill 4jIjljj iJIjIj MiLalLll 

jL^a lila ^J>l.Li q;<^<Jl^l <la^ ^j-oi^j i \ ^A'\ ^LJI (_g^"i Mitl i— <£j^ (jJI 

.««.L^VI «.LjjLaJI 5^" Ali flju* oSLiij! 



^Iniii ^jlc diaj-i^ f I t^ 'l ■ ^^J>XI f-^j-gi ^g-i'L'il parachute ^llcua ^ja! 



ijj^ La 1 O L^^a i_yaj^ 4^1 jJk ^L^t ^-"dD^ inflate ^^-d-u ^^jii'iiii''^ 

1^ ntl II.M «iLiajy Sj ^-vj SjJLiJ Jilaj 1 retro-rockets 

V * g^Lijjl j (iTiW (jl^ijol jJLliLijlj ^jLo (jjiLj^Vl ejjb ^jTi I II 

«jubj .^jj.^ 4.4ijLaJt ') 4j irt^ilti Jj ^ mil JLvl (_;rl£, 3 li.Vj Jo^j^Iij Lajk^ 

^^^jj (jruilauo ^) Ares Vallis JjjT (^jIj 5La,iu-U ^ ^U-.tt 

t_jj-2L]Li lander ibjVl 4.Lx>Jll ^^jj ti^j j olt m'i lUm 1 1« ^tm» 

(J n^" (jii<i i'ill »j) 1^1 j^)^ 4_LA^ I J ^ ^ (J n^* 4->.jJj V »tj "i i nVI 

J J ■■■ i j^Vl JuL^j .4 J iiiBMiH S^UaJLj jjJiJI LaL)>U. Jj« in'it 

oLi^ A. (j-C^ i.i.'r j.ll jl J," '»■1 (j^jj Ml U «l_uLj» 4JL£^ r^j ■ ^ 

Lj (_yLc LdLiik I ^jLi i^lij-v iDao Vallis jl J j 4nU ra SjLjj i4lfl"i->-n 

^jLa lUjj Jl, ii"*^ 'f ^ CT^ J>*^' 3^ •W'-'^ '^'^ (J^^ JlP ^ 

^ Y ♦ 'V ♦ 43) ml jLj ellipse jJaS 0-«-^ c?^ j^LiiW 

.4iiUiU ojjt 1^ >Li4 

Sjl^^^l ^''aj upright a-«.H ^^^1 4 y\ i>i Ali 4nrt mil CujTu 3j j« inll 
j»jL3ejjjij «(^jiej^l (»5^1 (j^J .oVLuajVI CjLuIjJhJ 4jUtll L^ljdd ijSI^I 

j_iji'ttj ^j^-oU 4 jtj.jUIl jJdUII ^.uJL L^j 3j}^I jj^ ir>"ill CiVI jjLuL^b (j^ijI-a 

jL-sjVI oIjjljs LuiajI j>Ji j-" > I n't L»S !LaI_P (joJI jj-f i»-tll 4_ttll>iil J^ljjVl (^yu 

il£ ciills jaJbVlj .(j.iiiU II 4JL>. ' aj « '11 meteorological equipment 

_ 4_jjJyJjSLJI 4j>^ i «1 iti( > 'k! (jja ^343 ' " 'rarnps nl 1 n J[) m i h j j n I mL ijjijLa (jt 

• jj>il ^IsuJl JjjJL (_>i»jVI jjdS JiJljJ J^jJl 4jjli ijj^ Jjt (jjkj 

(^jJl rover «Jlj^La» tj j « 1,^ n'\ (^^-iSLIl cjLx,j(j_iim (jt (<ii«j 

I ^ 1 A (_yl£, 4jj^ '■^L):^ ^ jJUjLijlj (J^jLa 4 i>i li 11 4 i_i li mil 4l<i -»«" 

oljlj iiiH ^jLw (jlit LhH^ ^ ^ >*J 'cry-i^ 4£.Lfljjlj ^jLaJI 




11.1 jj^iAljJLl jjl^ 

' I j .' " I ' 2j_C.jJI 4 J V j jJLI .U -.11 . %t-, ^ ^ J J i .i l l ijjt I j i'? flj i^jJlj 




^ J d Vi! (_^tj iDao Vallis jb (^jtj ^_jO ml 3^ j dUi («^^-t-fi ^^^it-j^ lJ^>^ ' -'«'j ' 





'«L^jMI^iii ^ i^^I^^vU jj^Vt L^ojL»»^ 5j V .>> i^LL^j-uJI (.Jloj^ '«.I^^JI ^LkS? 



ITO 



gjjjoJI ^1 »jl liiT iiiail CiU?^! 



iS. Truth <ijj|>i ^jj_^j_L.u i_3j_ji j^yl^ iSojourner jjjj_^j_Lju ^«_4jl ju>.L_jJ 
Jj^ Lo Sj-la '"'J d" (j-lll r I 'J ■■■'l evangelist 4-p-il " r m'i jj-iJI 5j mijU 

1 (jn'r \ Lk J_»j^ jjSJ iL£jjjJ3_u ^ ilaf o jd J SjLftVI <_i j^l 

K—iLse-jjVlj CjJj-juaJlJI i3^ejj 5 . \ j ,.11 ■^".11 i CjjLjj 1 1 (j o i »1 j JJ 

jjJjLijLj (jjijLa tLiia^l ^ 'J ■■■' 4_i^j_aJI ^ j "i j i if ^i>-I.I (^-W o! 

JULJJ . L^-^l Mi^" I nLl ^j^-a. j_m Jlj.j>JI ^J-^ ij^ ^Jrj^-^ (j^^' i— 3j 
^ I II <1 1 ^JJ_>. J_m ^^J ^ J ■ ■■ (jjl Sjljl^l Ijlll ^ J -vjUjlj IjLlul^ "i i iiIj iliJJj 

(jji v ^) CjIjijLj ^ 'J o La ' « (j^La! Vjj-oj <i_i£jSLII ^JajjJ J^Li 

O^J <4_i_u3jVI iLajJll 1 j " " ' (j^l jj-i^l (JiL>. SjL_clj L^l 1 ii "i tj 
JJJ-l^ 4JI (Jl J -«itl J T —J iliJJ j ^J^" ■■■_■ (jy^J • ^ j ; J ^j" .1 Ji.l *>- "1 4jjL*^ 
U jjlc (Jjj-«J jL^j*_i liJJ -^jjj ' JJ*" ' jjj) I r-i ~i t StLflSLIl 4_lILc. a j 't m a 
frljj^V 4_i^^^^l iXjVl 1 ^ i o J ( n La-a tjj 'r ii^Tl ^JUb ^jl^^-iHi 

XSi\-La^\^^ . LkjiJ 5 .t I ^j'irjjJ.I 4jj_%.i^l ~ t ^1 i^Ji^i (J:!'^-^ (J-^^^^ 

LiJj^jj Spike lj,;Lj^ Ijl n III a ijl Uj (jl jjj^:k.jjji JIjT-H (jSUj iiiUi 

Ljjaji iSpectrometer ' ^jUll Lj,Liio J.4jej L»^ . * j'.'N jLjIL>.V jjitj^l 

JImj jjJjLajLj ^jLa i^^j^j-LM JLj^l». 4_ul 1^ lili 4 ij li 1 uli Jfui I ^Ti aj 

(jjjj-». Jj j'tij 4jl£^l jjj a jLt_ii 4_»£L5ej mlj» ilL^j IjUJu». \j tr\ C. 

Vsjt Cr^ IjLljvI (J^jLSj (jj-aSL^I (jl-^) "J'^"'*^^ ijj_Li/Vl i(_^^ai.jVl)) :Goldin 

jLjji-V (JjajlII jX. jG iCjIjIjmiII (_,j'vj'il^LLa ,_JJl] 4 li^iia ii^Vj ijLtAIl 
iljLnJLlj jM in lili t>"n li i.ill jj-uL* 4_flJiSLj tl^jL^ .(4j^LjJI (jjijjLall lLUj 



(^jo (jit 4^ <i 1,1 Ju)j V ^jj-aU i^j-^I i-A^Lill (jl 4jl jjLijLijlj 

JLuiji II 'l Lij5 j^ln" j^jjij^ JLji». <LuLoJI 3 iJjiLiJ . «Ljt LjojI 



3 




1>* .J fj>ii) • ! 1^" <LiL.a-- » . .i u^ill ^ J>i-»lt liJjb-^' nUaJiJI CJ-iy -^S-J-iJ-*^' 
.ij-Uc kJj^ «!>?■! IjS ye*' nl-iiiil 'jjJji' jJo*» <jJl £<[>»JI 




gjjftJI t^j'ftjlinTMinllCiLbjJI 



Jua2 iV") \\ ^j^LI i4jJ^I ii^j^l 4_uLta^l auniall 

J>^ Ijl <" « '> V T t ^ i \ wy i»L«JI *jl-a4 J>-l-*j j-i>-''' cr^l 
i-flLiayLij • ^t-i i i i j_yJJ landers i>" j '^jt tjg lt-nr o J-ij/ ' ji>i' 

(jrjjjl (((jrjlj-lie_a)) 3^^! ^jjljdl 4_ji^jJLI ol)^ 'jL/-" -'^-^ itiilj 

iSjujui 4_c,j_i^ ^Uiiill j_yJJ (jLSilaj probes i m a Loaj ipenetrators 
fl r (_,!£. 4_L.aL)^l <l_j^JiJ| ^jlj " A. I jttJ (]>-«J i4_/4J-uaJI 5lLsj (jM «i "^-^jj 
1 i*v < i" I i4jjllr-iU ?jj (jLilj_ILiJ.I (jl j — A J-a-i:. jJj .j»tj_fl! ^ — 
i4lil3 oLua^ (j^ jjj^t (J ^ 1^ ^_jyLI ^ U lili oL-wL^ Jjf 

X U.i.tl jL_u»j>U 

^IjJLI ojl^ o^J) ' if ; 3 J '^Lt^l diUl— u i *• < _i t t-d-Jjj i3_^_Jil t a \ — <i ^ "i^jz 

« ^^J^l » O-Sliajl La .t ir > ^ ^ , 1 ■ o ^ J '* (jj<jl I iitl 

(jjj Sj_jj>Vl 4L>.jJll i.-iImi ""^ 111 -^IjL^ ^ ('^) (^j^l jj-j^S!jLi »1 ij « 

JaaaJLl 4jjl i/iiill 4 nii i ii!l Ojjfc iiilljiJ . Jl «" i*.!^! ^jjL^I 

»1 « lltJ I JuJmJI J^ ^jjS 2JuJL£. Clijililt J o" r ill JL4>> 4ljl/TK ^^^J 'j'^J-^ 
j» J_sc_j_<jij jjj-uj^l sL»ia_aJI 2^ — *^>J (j^J • l'-lJ-^ (l)i>-"^ cr^ LJtJ ijjJui^ilj 

ojLS 1« 1 u/U» 4 !L£j (_jjlJ 1— i 'i ^ (ly -'J * J ^^Ij) .m 

Jl — j>L>. J_^ L^j^ J , J i9 (2>ja J— »-iSLi Ljjj Ji! M ji^-ll cjSj. — 

4.,i o L>. 4 J I III I ii-w I ^ « I iij^ 'J'^l-^^ 3 J^-^J-^ 

i^UI lU j-hJII jjVI ol <>,'> I» J^ 'MPj -^ij "-»"11 *^VT i»Ltaj 1^ 

l_/is) i'i I i'i'^ u — lll 4.1 jl i>\ aW (jii mil 4.a^L2J SjuJL». ^ '«I -rrl 4£.4^ 

ij_y.i-u<L>-II f.\ i'n lili gjjlj^ J^i^ '^"^ j— £>i' 4_jjlS tloLS^ LftJjiJ ' '* 

4jj) 1 1 1') (jVI 4j>'Ij _i i II i^jlJlj ij« rtILj ijULj^ ijj) i«^t 4li^^ ^ 
(j! iJL». i_gt »frL«i«J1 (_yi£ iv*i*J (j^ .4jjLjuxflJI 4jLi^p, ^jjj'i I n a jLajJ 

il-<j U-V "itl jij «1 "i ■ ii'^lj iA I J 1 1 »11 4 :r j "ill oJl^ ^ t-vVj IjJjL-su 

. 4 jl I n" I iitl ^ft^L>.l TT (1 




.ALH 84001 cr^J-oiJI j^?^L, a SU "U ^ 

4 J ■ iijlj oMjJUj LajLlii tl>S^ (jr^' ^-^^^^ (J*^W cJLaicj i \ ^^A 

^jLij)! -w Si >i I II U iCj^Lsw^l jCjit CojL^ ei II h -»iM III -si (jSJj . 1 j .Ir 

5lj! iMars Surveyor jj_l3j_jji t^^ijLa J^UsV «LoiU» JoUom 

j-j.a-i a_0 jJLjjLiiiLj (j^jLaj JJ-i-^ >-<-" iJLj>^ l5 ' cH» J-i-^ lSJ-^^ 

(_jJl L^Lt^jlj oULj-jJI J_lt: i.ii" ^ i^joj i(^yic.f ij_4 4_<^tjjd orbiter 

4_tLi.ju3_^ '"'l'- 1 ■ ^ ^ " . ..I f |^^_».| iSLu lander 4 _i i'f->jl Alass—aj i^jIajVl 

tijLiJ^^>_<i ^j.i'C « I ''l iJL». .t_<£j^l I II <_yix. 3^j_j_i_uo iiit. 

L 4_i_LbjVl ajoj^lj 5 I n "i i n .^i'vjl rttl 

«Li^lj» 4Jl^^ 4_Laj>JI o J—A ^E_jx)j .^-Jj-LI ^1 4 ,\ i li i a iZi^kjzt-j^ j'*^^^^ 

5 t^j JSL! iljj i.i't 4 li K'itl <juaJiJxLuX\ Delta II T Ll!^ ^jjlj i,,^ ^^Li. Vi.i.il 

UMj\X 4_i_u3j^l 4 lia_>Jl) I ^1 ' i*> (jj_Sj (2>— 1^ 'l — uaj! g jt aJI n ^ ■» ij 

4 «_5j 4_j3JL4 (J. 'l, g "n J—j <i H 4 Jj_^_uJI j_j_l3_j_<j< 

4_la.»«J.I CU-i >■ i4 4 j jVi rtll 4 a <ilt 4 flL>. £j a 4_jjj— 3 

JJIjfj ^'^^A j»Lc 'l <} I .. li 'l «3!vU=>)?l 5j_iU» JM-i-j 

4 M l A^ll 4 n n.i.n i>L-LL, ^1 nll 4^LiUt 4JL^^I ^j^a.'.!./ . N 

Jj .^-.-11 ^_jp,l jj-»-^ ■-■-«-<.<^ cr^'-i '^^^-^ «Planet-B t_> i-^jS-!! » 

^ J U" < Ij .,_$j_>Jt 4_a>L_C. (j c CjI ajij«J,l JL-J^il i^r-^ 

' ^ jt^H l_uil_j_a— a J o ^"i i_4$_jSLIt» O—jL^ ik ij—LJas-^ 

ujLjjSU 4.jlj i^iil <Ij1 iiiLil sl^^_>.V ajL-seJUI oLj^^I fj-a sL_<ilc 4_*a_i-o 

.l5_^I l^MJlJI 
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gjjoJI,jjr ft . j li Slu i n ll CiU? j3l 



•.(_$a3eiJI Ijuk ^_>iaj juU «LpJI lALH 84001 

Cil J J " "».1 1 (_ya m ri'i (J5> Ml J I j" ' "Ij > i I (ji a 4_i.fl_j_i^ CiLu-C (Jj 

a^jJI J_u^U:JI dit ALH 84001 .ij^jVl 

elj^l jl i4t .n U Ajjj^l ^ SIlLUiJI ^IJ-cVI ftl ~-\ SjjLa CjIjjl-s 

Sji ir-iU tf j_4i JLi^l djjLj>-I 4j! jL>j JL3 igJSLjUU i-LLoj^l sisiki 

Jjl-«."t Ljjjl I jl i4jj,_5.ix) SLi-sJ LiLiaJ jl ' ^t-i iif ^^If fll j->. Jlso (jl ^ I ii'i jsJ 

• Ll^ LLSLI . I <i itij-jjljL^j ijlj Jjl in'iJJJ n_5LSLa J_j.AjJ LaIj (j^I i-^Uj iJj-^ (Jj-usLaj 

i I ^J^^ L-fl^ t"tlj «Ll_?eJ^^ a^^St-JUS ) T "kJ «LjLO^^^I LlJ Cj_3Ujt jl ij^ t^J ^ 'a. A 

^t-i iif ijl^ ^■^'^ 4-JI «i'i-^-V I ' 1 j (jl Ml -»»J (_jJI LS-^ij; ^ lijiej^Jll 

Ljjj^ v J-5 jtj^l ^t-i I II 4_uLua^ 4 ij li Ml (J^->>-i (jJja-J '^J J .'^ ''^J-''^ 

t_i^ljSJI ' — fi-L^J-i tp-'' "-^Ij «11 o' '' f' I "^1 ^ iiU-t-Mi (jl Ij.J's ajj 

L^j-i^J jjc I J-»- 4 a , i^"t t4-ijl 1^ Ali I "lili 1 II J .^.al (ji_a ^^^1^ i_^j_i.^l 
<Hlm (j_o ^^-jl^VI cjjJI il-iii ^ (_gj « "i i '"t V (Jj^L^jJI aJL* jjl . I ^ " ^ J 

Cj^LswjU 4 i iiiilL)) ajujLc cjI^Iiji jI i(Sjji)JI jl jj^l (_yJl '^^Ls' >LI 5 , ,..:tl .j 

C;^^ i^irtll (j 11 Mill (jl jjk 4_i_»jkl J-i^^l j-aVI (jSLI i ((J^S'jj l5j— (jr'i 

I iLa . L^yJoj ijj^ 4_S J (JSLi IjIsj I i " I ^ i LaJ LLij i 1 ^ -. . .. > : /»j , I ^ j i 

Jlifl 1^1 -r i I 4-ijl i^^iill 4 'm A Ml 1 1 jASj (jl ijj^ «(J^UoVI 5 JiaLj» '"■--"■^'■1 
.(JJjj-l Sj^ «SasLIII» «jl* ^"i li n (jl (Jj^ 4 J I iiilLj (J2VI "tj*" ■ ■ " (j^ 

lYS 



CjLa^mij jl«ru t ij'o 4jI JL». j>^l CjI ij «II oJJt iriT u,«nt i Ig'uriljjJ SjlJi 

^ jt^J JLl*j ALH 84001 (^^jjJI >*-=»J' LjJ^ • Uj Ljjj^j (j! 

I > j > < l ^ J i " . ! oaJj ,5 'a si . ^ 1 1 ^j>iir<i_i (jlajVl (_yJJ J-usj 4ji (4£._^ i4 !i j n -«Jl 
tJ^^jJI Ijuk (jjo <_LlS^_LiJ| jLsE-*.Vl f_ya^cJ>i un '\ » 1 jjjlaj j-aj ,(^^^_Jiu 

i j'i iiiljju IjjIS ^^I oLiuLll 5-i^l CjIjI i'i-^l flj^l (jl^! Cr^ '-4>*^'j 

1 JL». ^^1 (jicj . 4AijLaJI j^jejLoi] (jjo «Jy-iJ». CjLa^JLd Jo l i n i n l ^ (j iS io j i Jjuillj 
^.(_j^l^j_Jt daLlIil c.K.!;u «aJLua Sj-k^i) ALH 84001(^J-iiJI 

ul -o-^j^' uA^ (^'-^') j^iti^l «Uiiu La ij^SLo congealed Ojjt>o 

lAoJ^^^i jjV inll ^jk (JaaIL 4J1uiIjJ 4-ijl i>i<ill Ll».^j_uJI »1 oI r La 
(lUl <'i -«i" ijjsfu (_pJt CjI i J-»-^ Ci^jJI J_3>AJ Ul)^'^ Lr"^' Jj) V haII 

jil <iir, (jSL! '.-il A It iLaLsJI jl -r ^«.Vl jj -V m II «oa .^jVI 
.4_ul^^l jL*Lj-Vl cjLij-i». jj^ttl pa"''^".' ^ »lj j^H Lj^^ji^LJ! 

«J_flj^Iaj (jiajVl (Jjuaj q\ I j < a (jSL«j V «l^jjj 4 mii» 4_ujjjijJI jj V mtl (jSU 

CjjIS^ ijj - »i in^lt I (jSlUjj j^->- inW a'jJL ^T- rtj |<i m-». (^J^jjjj . 

ij J « ir» ^^lii^ ^1 LjkL} I "ni a ilg <ijln>"i . ^Lt^f ^J>l.l ^tJnici j^y\c ojj^j^ 

(2;lj»jLflJI liijjjl J-L^tj (JSj ^ >*J '^-'J.SU-*-^ CiAJJ ijl (j^>XJ La ij\ 

rovers oLal^iaJI j-aj S-JI «i'i-vl ^ < jj>ll ca^l 5.iIi^"m, tl o>L>. ^ ,U_,U4. -t l 
oLij-t jjj i^j>ll (^4^ «LpJI Jj-*-,^ j^l^l jjLjtlij (_yill «LjSLijLajjVl 

'H» 3 j -r U I iill i'i-ti'i tl n jViHj ^:)>J>I ^ olliA i _<1t-" i m ^_^l Sj^jlII 4i>.j 

l^^l ^LaJuVt tji^ >L3 .4aJ*^l « Lu/L» lll^j .Uln-=hl I njUj -o^jVl 

jt ^^'^^/^^'\A ^ljkj^UsVI s j-au» ^^^a ^ij^iB_ia->u iju*u. ji 

^^ ji^l 5 , M M cj>L^ 3>LLiV 4_tJbJI rj:sU\ ^ i Y • • ^ 
,_p»j>U cjLLulII Jj-<-ajj iT • • i i»Lc Jjljt Jj^aJ i Y • * V ^L»JI ' ^ — '-^ 
I Lj^Liis} Mjj-*] « L.j<lj» iILSj CjLoij Ijj 4j>t. « ' l m l ijSUj j_3 I Y • • o ^Lc 

i-.l-w 1,1 2juJl>JI 4_LnjVl JjVl «II jL^ iJI^Vl ^^t i^^J -^Jj i"tl 

j^j^l ^ Ini II i»^l Mi^" I iiV ^_)jiL» J >Jt JJoJ (jl Jo^-<l ij_p»jVl jj^l (jja jj 





(j^ J j ; >*J 'i^LJ>-< Lf^Jj-S 
J 'l ■•- -^'1 L- j -j -y j J > i l l 
jj ^ O-^ H— ^,Lr^ J.4-*Jb 

(jjSL) (jia lOLIj liijjej LaJLi£.J .iljUJLI tfjufc J!uJ (jjJjujiii (jjjJI Lillljt tj^j LjjS 

.McKay (_^lSLa j «j' ■ - jj^ jjkj cjLLic i- 'I-v - uIjj 

84001 (^J-iiJI j^fcfJI (^jJI (3j>-aJI n^lSLa J i ii_0 4jI ^ iLuij V 

(_^lSLa (J .ij<\C ijji Cj\ j ij «JjVl j»lj-flJI jj) laAaj (Jjjlo (J>-J J-*J 1 ALH 

3_«^L>. «astrogeology 5 AU Lt^^j_x>J1)) ^ oljj' "saJI 3jL^^ |_yLi 

SJl^jJ JjIjJI iiijLse-iSU ijMjua] (j -r~A\ ^ i LaLc. ju!uX. 4 m ,Jj^ jjlj^j^ 

ijj^lj I I I « 1 M l t l j»UaiII dj-ijij [j^j iSiLtJI AjjiljjJ Ljjjj-a-LlL^ «Lulj)) 

SjLil 4_flL_>JI (jLjjJI (jij LLjj i/tij Ijij < ir> ijl I ii"ij (.yl^ Sjij) yji\ i-dJj 

SJfUail aLpJI <Ls<Lj ^ Friedmann (jL«ju^ ijj^l ''■J^^-^ Kj'^jLij! 
«Li^SLi^» (j-oki Sjj i^jujlj icryptoendoliths jj-V m tl jjj ilpjiJLl j .-^^tl 

(_jjkj iHoare jjjk S^^^tJ (jnlnrj .5 ."^a^ :t I 5j|j_>J) cjL>.jjJ 5 
(jIjjlJI c.j*^<" i_Jl fUtI ijjiljjj <4_aL>JI jLjjjJI ^La ^ 5 j j. 

(jSLj jftj^ if UI ^ Jiit ^£31 (jL^ jjj . J-^A- 'J I (>a 5j J -r i!l 4_j_Sj I Jl* 

IjLu^a Ljjj-o «-UI (J%j liU j^Ti ij III jjtj KdiUjjj^ ijjuk. (jlSLoVI 
«j-J-^^l ^j*^" jU-aVl jL^I ^j] Ljjj! jl (JjLi c^f» .;Ll--OI JL£ii j>« (i^ 




.«tiJLuk jl O^Uj iL^I j SLsJI (_pi>. j! iprelife conditions SLpJI 

rovers 'atjU. AjIjj ,_yJl k-jUkjl! 5>S^ j-a jj^l «-^b i^l^ o^y-^ 

(j; " J , .1 j^j tifO-a^LiAJ ALH 84001 (^3_uJI j-^as^l Uj-jil Jl^» t^LSL» 

oj j" a (jj^'i I II tliLk^-OJ 4 o < lili 4_LjejjJil jjIojVI '^^ji^ 

(jjo ^jji \ fic ^LitS ^1 4j>.L3> (_yi 1 i I iilj . 'jjbj ln'ito uat ijVI ^J^l (j£- 

(jja 4 ij f Jj 1^ •fcil Jaj I jll 4_u3 (j^JuL i^jJI (jlSLail il-ij IrV" tl (j-«j-" 

j,^j>J| ^ jUjj ^ 1 J oLajLtJlL 4.11»^ a ^jVI 4^J^I S^Jr i^tl Llul^ Ijj ^J^' 

(jL$ (jrtj^lj i , Oj V , O j^j L_« jSa La ^ 4Ji ALH 84001 ^J—jiJI 
■ [cnj-jj-'j^'b i^j-:»- i-a^LLi Ijjjji] reducing VjlkAj tLiflbj 'LiLj ji>i' 

^ iZii t iiM JlI (SJjL.i!l j^J/Jwl i^l-^j' ^ a '* - C<JJL>. j_yjJI Ol j li (j! JJ-^ 
' '^i-"" Lft^ ,£i 1 . ..tl jjjttjuaJl jw^^A 'W . 'L>**:HJ-^' 4_iLL3 t3j ui4 ^jj^Sji 

4_<uJLiII 4jJejjJ.I jj-a- inti ^ . 1 jl j I • L^J^so iJjVI i_ptJ^ 
. ^Luoi 3jj:>.jjJ O-il^ (j| loLpJI (jJi J J i" "i SJj^I Ja^jcj jl 

^ 3_^Li:>Jl g^l rn-ll o5 ALH 84001 (/3-^1 >^?-^l >^1» -L^b 

Sj-Jj^ ^5^Lla tiJLl^ iSLi^l Jj^J ijX. l'"!-»- ;11 1 <i g a L*^^ Jj-<W jd^^' 
''' ■ "I i .((4_tij/ llfS;^^ ^ ' ^ "hl/^ *(jr-^ LkfJJ-* J'^-H («J 

i^jloj 'U^'j-P' '— 'bfcj^ ij-a ^>JaSLJI JJjJI JMi. jjji 4iLLaj>JI «JlA (jj j'v 1 <i 1 1 

jju bombardment juJuiJI iJu^ajJi S^i^ [y> Sji-tHI J^-I^ll J^Li^ c^jSj l^j! 

4 n « lili 4 » rnjl,\ (_y^ljVl (_y3 i U j ^ i jjl i uJI ■(_, m i inll j»LlajJI (jjSj 

(j£. Jj^ (jjj^^L L^^i '0>^>" I iiJl jj^ tiiljj i(jr<^!jjJI cjLik^nj 



ITB 



^ Sjlx.I III oli L?>^' i-3>L«JI (j^ J^l jJl^ iiJL^_3 lili jJj i4_ua_flJtil,l (j^jVI 
LoI .4-1^ Cjt\ ij t II i_tL>J ^j K " (Jjuai! JUu tLl£lI i<(_uLiia_iJI 4jj.fl_ijJI 4jLsj_3 
iL^jju CuL^ JLalji^lj SjuJlHI CjIjj -r j II (jL«-i^ (j^LaVI Jjuaii 

(^JaLLa lake beds '"■Ijj— ■!! (j l « .a i." i^^l^l .Ja^a^l 4 jlati J j ■ -i (jisLia 

iVjl :LLLIjJ (jl jliif jl ■ ■ ■ ■■ tilLukj , jj^l 4jjj-i>-l Si J -w I. I T 1 1 1 4_iJliLa 

m! i3jL^J^ ''JJ ^ *i ' 'l-' I ' 1 ■ i^ll jj 1 J 4 t i nlj ^^^^-^ l-^V 

^jj-aiJI 4 i 1 II o LluLluI i'ilj j -»lt 4xj^L<i (j^Lal Juu CjI^ jtt iII tjL«-j3 

4lxj jj! Jl><j i4jl4jj| (j^J .4j LSij ""'^^ L*s.ljJ cJiJieJ jjt Slj tII (j^>-aJ (^jJI 
i-i- -^ 5j_tjej (_y3 ^ "i I ii'i (j I (jSUj 5l J -hII (jl J J Ml" 3 J <i -r'U LSjjSjLijl SjLfl 

I (>» (.MaL 

jJs, \ j»L»JI Cl li^J (^1 jL_._i.Vl (j! (>a (SX.>II (jJ^J 

^jji Cj\ 'l i c I il-^t 4JL>>jJ '^J^ ■^"tt I 'j j JuJl.>iJ (j,-!^ i< LuiLj» 4jL^j Cjj n 
JLil» (_5lSLa iJj-5j .(JjinJLi liJUj iljjj.-s.l jjjlj -tJJA" 4jljV ,3jL"JI {_yi^ ' ji>^' 

I ;^\<i~ . .. 4_l]L1JI jj '^ll jj£LI iljL»^ 4 J f^j-a ij-icjus ^jl (jr^ I 'l ' ^ 
■ 4_^j_u m «^Lj ^^jjJLI i^y) CjI n r i il->«t . U i ^| I ijir . jVjJ (jj jla T * * 
(jjs 4 i<i I U (i ^ I i< o jj i4l(j iiij 4_iu^— UI 4JL>.jJI ^JLA (jj^ (jl tj^<UJ 

I rt K "n (jl jjSL_4J (_j^l 4 l">-^^l Jj* I JLAj .«jtJjJLI (j-a i_)lj_jj|j JJ— se i^l 

(jjs j^l I ^"iiiK" j^l u lj>laJ jJiSVI ,U Atl ^^iii,i II La( '.jVjJ (jj jla T • • 

. (^ISLo 4jJI jLiit La Iju* i((4jLiiI 4.aK-o 4jUf Cjl m<1I i. il-t. (jl» .j t tiilj 

4 «1 1 ii"jJ.I S J J 1^11 j^jt*jj ijjjJLI L-al i'i'C" I II I (jjiLlIl i_j£.t j^ljj La. i ir 

4_j_LbjVI CjI U-slJ (jl .t-iSj^l I jj* u \c (_5j_j»j 'J -^j Jj pjtl J 

jl .^U . „tl jjj ■ — "■ (jjic- SjjLoJI l-al Mi^'i I II VI 5j.^lj .i-.laljUM J ^j"VI 

(jjSj JlS i4 j lUiill |«_a_SJI i-Sl^^ (j.taje_a jl i4 j -r U i uli Cijo S ^ ,U1I j_a_». 
(Jj^JaJI J fl<i 1 jj* I II J^jJI 1 (j '^1 > iTi (j! JL^JJll (jSLI i4jLiiI Sj J-iija I (j « J i > 

^jLaVI j-^ i^j^^ijJI JcLfllll j^Lj jj* tiilj (jSLi -(j^jj mi.iII (j^AM^'mU j»La! 

jl a »1 iiilj L-al iM^" Mil (_y3 LjjJ^ (Jl^iJ (jf t_<_5tj Vf S4 » MijJill ^ ' ' -^tl 

';5jjL>JLI c_^ljSJI 



^—jjljj» ljUl^ (_i_JJ_jc iBradbury (jfj^jl^ ^J\J 1 > 

. JJ4>J,I t3j > . " '. i liJ La LkJuvj 3 Mill CjIjIj)JI (j-ajj j^jJ! ^_yjuiL-jVl 

jL>at (^1 Lij^Sj (jL 4J LW o II, ) j) VI wijj (SjI'i (j? Jj»- "i V ^^-wVl 

I ^1 > -w tj! (J^Wi ijt . 1 f VI c5-*-^ -^—^^ — t ' T-1 

(j T Ml "t (jt I ijlr ^^^ji^l L^J^ 'l-ij g'i (j^lj 4_iJLll1 SjJLI ...jl 1" r Vb 

£jj ...^j^l (jjSi (jt (- 4jj-Tr VI tiilj (_yJj ^^JLstli! UjI i II -w t 

JlaJti U" 1 1 1.1 V Loj (jnt ill J^-5j ...«t^^jj (jjo jLlaljl (_ya Ci-LO j«JLt 

Jjuoj (j! ii>i-u ^jU'iMi't v UiSLI iiiilj idlSu 

j-ijil^l ojSU 4jj Mi itl 4jl-y"iiiVI jJti^s^ ^jCl j_aC ti'il <iK1( 

jj^jij ,jjjSJ| (Jj^ljlJI ^-^J l3^'->y '5-1^3^Li jj) t i'i J-ikj LiJj^ (j^a 
(j^j LuU ii" r Ij igi I j« I U lJ^L^VI «JlA ^jUj ' >^ ^ 43^t.o ^1 

jISjsVI aju» i^J-uo JJpJj .<ILlI,I j«Jt ^1 liiJLj SLjjJI iiuxi j»^jti"> iii'i J jll 
^1 (jjr'i I i."i (jJtj • L^l^ «LpJI a ljjxLuA ^'«^^ ^ ' 4lu3Llll 
1 (j"n o ft! (2>^ (J^ L. I J I lU t(jjSLIt >-al i'i^" I iiV ^jiriTi (jWjLoIl 1 'l'iijt 

■ 4 flKII ^^IjJI (_yLjLllj iiiUiii,!! L&^^Gj iLuLvj^l 
5jujl£, JLi».? (»>2j iJSVl 'jj>il (j-il J. i 'i i. jH JLidujI juis Itf^ 

: (_jf JL>. JJ V I Lj-flJJu ^ jj>ll (j^l J i 'i i j JLm/jV 4_LiajL»JLl JJ«JI La 

JLvj) cjIjjjjj ilaLi-jj (_>aJ j-i-T s-^j^ t-flt i°;i<"i ,i,V (jj-iiJI sLaLSJll 

(_ylc »Lli ^c^j»5ij-aj j <i (}i ti i ni l Jj>><J ( 'l fl "'^ 1 J (jrt jiij i a . -» , juiu JjS Jj i^ijrj^JT 
^iisj 1 rt ^ r i aj (^jJil '^'-^«Jilj jJ-aJil (JfUjjLui*- (jjjjSL) L»^ <4jjjL3Ej La 
j_jlc. iti lilj 5jJ_2jl i_5jLiJttJ jjo ...<L>-jJ t g -^j" iJuJi_>. jaJLc. 

(jijiju Fitzgerald jJI cjjSLi-u iiljj a^L». ilfll jL>. ^ «i-i,-»e.«'Jt 
:4j^JUxII CjLi: ^ 4jia!jJI SjiJI jL^f Jiju Vt (-..T-jj . The Great Gatsby 



■ 



Jl^JJll 4 I lir jjjo «ut t ri~ir ] n_f^^| Oi>^ 5jJ>J Ml J II (jjil>JI «.Loj j <i "i i iil jii 

2 1 ,p j , 1..^ il 1 ^^^^1 ^ A ill ( (1 i'i^'i I iij ^] 
(jLj (!<jJI 5 i i ii il Li JaVl 5 .iS » 4jj->JI jjm . j ji^nt l ijjdl < JU. 

<L4J3> jJoLic^ i^jlajj 1^ i4ijLL3 ^Lla ■ \[<j,,.. ^^j^^ll (jL^VI i-^i ni^'i i nl 

J^jj (jt 1 'ij , \c i:>-jj (_^) lij^jiLjJI SLj -hIIj *— "i?^ L7^ J 'iiTi 

. 4jJI i-al Mi^'inl Sj,^»-! ^^LiV'iiiib i_j$jSLLI (_y*.^l (j «- i -»-nl l (^J^. 

jjic i4 J <ilr I— ^jtj Jj__ill j^ic tj -»."t . ., J iSjjLi <jr^ I Aslc 

(jjLu 4j| j^l^l 4jl ' ^ ' ^ t <>_^I^S1! J ,-„\ <{\ ijj Ml .1 II i-al mi<: l..^VI 

(jl» AjjjiisJI Aj^tt'II ljkJL>.J LuLlaj^ ^Ljjj (jl JLSj (_jjJI l(j iiiiii tl)lSjJLl,l 
I iiii litt (jl f«4ll (j-^J ■«<— <u-3e-u> ^a^^lj i4li-ii»Lj ' ^^.tlC'.tlj ,<G^J_a SjlUI 
ijLjj 1 1 Ti U Ml 't t j^j 4— >■ (*SLsej <Vl t_Latjj iV (Jl— « aji (jjj ^jjo J_jia_aJI (jLi 

4^L>-JJJ A.juulAj JLjI^ (^-^^ L>^ ^jSLiU (jl lUlVI MI^V" 1 lll 

.^Jalllj (_)2^l <Uj_2j L4» («^>JI (.7^ Mi*C" MiVI IjlA ^3:1-2-^ 4jL^I 
^1 <jj Ml J II Cj^L>.^Ij (j i t "i j i «1 _i ^ 4jl 2 ^ J ^ ^ ^ " ii^j ,j^ (^J-'' (.T^J 

ii_al, t,.<j->t Ml f (J^Vl (_,j£. ^Lp (,7^^ t(JjL^Lj dijLk 5 nK'i II (jL^ '^d>^' 

4_ijl_iia_A]| ^ ■ "tl 4 liK'n L/4 ' ^» uaJi 4jL^ ^j^ (J i n""i (jl I „I -v. ^j>.^JLl 

SLalSLJLI (_yk. Jj-uajsJI U"< I ii'i Lij} jj J' -^tl; ilflj^ SjiUl J i4_iSLijLjjjjVl 
ijjt ' ■-"■^ ^^J>ll (_^l I i I m j LijI 4^jjL;a /jji J i (^^^l i4 n i nLjJI 4 j i mi ill 
^-^J 0^' (3^ ' ^'^ I Vj ("'M 1(Jjl^Lj 1 rtj ir Ml ^ula^l (jt L»^ iila-o^ 3jL>-l j 
iij-tJLl (_ylc J j) i r ^ -rit Jj^^jj (j I Jj_av4J (j\Jr j m jj>il (jr'l J m' H Jl-"jl 
iiMi ^1 1 Mill 4_«j>Ulj i4_iSjjLajjVl 4 nl Ali (jii mil J^Li. (jjj 4_iilSUI 
(_^J .^-ij »ilt (_£^_<ii_iJI 1-^1 Mi^'i I ii^U Ijl-lj»' 4-i^j^J_a 4.^^ 

4jl_-y."i Ml V (_>xL M l, -k JI >i>JI Kennedy j^^.i j i< ,_y£Ljj_/9Vl ^ ■■ ^1 

(_yJJ i_)LkjJI jl — J — sej 

JLjijI ^LajuVI (jl-j 4jUjajo ijt:». ^«jJLflj (jlSLaVI 4j| jJalc]^ nj.jiJal\ 

(Jj i(_ylj_iaj-uJI jL>ijVI ^ ^liii .. l ll ijLi-i-u (>C daifl ^jjj («J ^;-»iII (^j J 
4Jj-u (jj^ Ml «llj (_jjiAJ>JI (JiLi. J n i il t tjjjj-L ': i ll l Mi'v"i m!, I ijLx£. ^l'(_Jjl 
(jl Ijj J "i f I J-5_3 iJajI J-J-a ( _ , <it-ii a (jjiLuiV LjjLlj_3l (_^l IjJajj 5 ^ ,Ultl 

.l>JJU I iill «(^^Jt" i iiJ» v ^ -1 ^11 ;_al Ml^" 1 lll 




S,> -r "U ciijLVjJI (jl Clinton (jj "i Ij K u» jjjJI (;^t i jj>i' (^4^ 3 <ij, i 

iIjIjUlII (j-o fO-»- JL-"jl L5i>^ ll>^ ji>^' JJ li^lU J ■ ^ ~ ■ ■■ ^ I I h I .J 

(_yfl ^Ll^lS jIjj d ^ u-a-" (jj>l3 LH^J instrument packages 

(i^jjLcy i_ijjjJl!1j) jj>l' tjr^l J'-^j! >* "-J^l Bush (jijj (3^L^' 

LtJ .'i ■■■ A". o^jJl .4 «1 jl^ o" 1 11^1 I ^ « " (j-SLcJ V "i-^JJ 

JjiaaV iV>jhT-."U liiijj i ^ J lo r ii_0 el^j-iitil ^1 «i'r-t.1 JLIc (jj'i 

iiLuLl> "°l 4i».J Jjisi 3jL^ JjO (j^l^^ ClJ.-fcJ 4jM£.J (_) im\>1I O^j JLSj 

J g Ml! <i' I II I ri*^ iLucid . I iijj (j_jjLi »1 irinll Julj J-*5 '(.y^^i>*' ^-tfJ 

i iiijj jLavil Ji£.Ljjjj .Mir «jo^» «LuL^iaII 4 o^i i.ntl (^/ijo (jlJ^Jj (^^Lc 

«Luai .Jljlj-I MjoI^ LoLc i—>j »!." I iil 4i>.j L5ji-u 4iL>.j oJua jjj j«J |_^jJI 

4JL>-^I I j "j »" ■ jj^l cilill tL^l Ml a 4-u>3j <i1 ■ .>«Att iJ-i^t.j>.jjL 

(_j.li J lO^^jJI eju» (JiLa J Ml JL"j| i 4 , l'v ,i, "iU (j-aSj .^j^l 
JjiM ^^U", . L<^ I jl Loj^ Jj i4l».^l JLdjo-I ^(jt I iij (jl^ j| Iil 1 a J 9 JaJa^ 
jlS Iil Laj .j-J^j-^U 4j; mi; II oljL)JI ^^/V ij»SjiJLl (_^KJ.I iJlJlSlj 

(jJ ''•■J — ■ <4_i_u3j^l LDLjjjSLiaj j^T i-7^>^ '•^^^iJ^ Bj^laLa- al I .il.l t'i.m^l Li-jjJ 
^jp.1 (jJ^: I JiMi 'i<"i Jl^ 2Lj_>JI JlSLil jL^ I jl La 1 rtlU a 

i(jiiljjjj(jJLj jj^l I ql Mi^'i MiV J-aLjJI ^l^^_us J^jj V i Lxi Sjj-jusjj 

(ji (jja ju'i? I n^'ia JjS/l ^jf i-iJjJJ J^Ls ! liJllik |_g^ ..nill Jj^jJI <_y^ 4jj2jJ1j 

4 - -.1,1 4_iJ'^?l iTj^^L^jJI ^ jujljlII (^I ij>.L>. alh^ jfj i(_yiLJlJI Jjl-ou 

(«j|2 ^1 dJLi^js 'L?>^l ^^P-lj (>°i -^i^^' 4j^jijJI 4 l-i Mf"t>U jIjLii^U 

i^j^l 1^ Ml ; iJ^i^ lt^J^^ • l-Jj-i^ iJlil 1 f jj t ' 'J I » ol I r J iJjt^L 
.dJllA SojLjJI ijylc. i-SjjGJI (_j.3 Ajjlill fc^jJ I o M ' 



^jcJI ^ir» j';""—"" CiU^jJI 

,4UliJI d_L^Ll]| La! 
^jL) (Jj->- (_,'v l<itl j«JLjlJI j j ^ ■ . (jjSLIL) liil j ■ '-'J «Lj-i-t^ 

. [jtjjJ.! jla^ (ji^i] t rtMM^j ^1 oLpJI Jl^i f^P^ 6' «Ai^^» Tarter 
^L»-o j-^j:. i_i^jSLII (jj^ (2>c j^^l - ~ . ... 'a iijJLLa oLljkJI cjju>.j (jLa 
frUajV li'Cj (jjj— i^LUI (j-o ljji_c Ijufc J-»=j Jl^j .«5Lj_>JI jij_>.jJ 

4jJjjL..j<^ 4_2_i_L^ jjj («J lil 1 jjyJll J JL-uujV 4_pjljJI .UU-=>JI 

4jSljjLajjj^l 4jjLi.iaAll J_) ■■■II ^jjj ■ ■■'< LljU 5j-Sj cr^l 

o^j'^' J-al^ ^jj Jjf fi .--^ tl j| jj , U 1 1 Lajjji^. I'... .^'iV j| jJLoL^ 

ijj » J ■ (jjuLiJI (jl 4_S_i.S^ jjk 4j^_ju-ill j-4 La j-i^l 1»! nll 

J-J-flJ lUilj (jja ^«-C.jJI (^yic lOjLVLa .liilj Jjl^ L^'j-" (^r^-J-fl-^ 

(j£LI ij_<iiaJI (jja L_^^iil 'L>.jjj > _ «J'»-") I Cl 1 (jjtia i JL>JI 4 «j j ij . LLa 

LLal o " r ft l (j-a J-^l a I « "n L*j j^La ""' l>^\ jj^ cH* I i" .'La- "i i nl 

. lIU j u a 1 «J 



Cri>U «ipiijill J&mJI) mUI ^>iA-«4I 

,_jic. jjLjijVI tji t-ij" i I . f l ^1 5 J I II ;! L jL^ J-i-j-a I.-I -kII Jjwf (jjj 

i^VL>.Lc. ^\ !>L>.| jtj>l.l O J^. ' d J ' " J .'^ ^ o' ^d>^ t^-P^ cr^>^-^ ' jd>^' 

tj^'r Ml M I M ii_dLiij _ i ij-al Lj^ _ tiJLii 4 'i J 1 1 1 |»JljlI j<ukjj^_>. (j-J jL 

j^l jJI i-jSjiLIl i-al Mi'v" m l L^J^LJ». (jjj jijia-jLj 2 j,_olf i-»l U-> ^ 

4jIjlj i^!>lc. ajufc <(^r*^' JW^' ^W'jJ cj^ - 5 J. - 1 -^ll 4^jji.^l 

^j-iiu Jij_>._jj t^-r J I II ^J>-1' (j' J^>^ 1 ' '"^ a j 'iJj«-iILj 5 . ^ 5^1 j', ^^„jlj 
(j I L?-'^' ^ >* iJ'J-^'j • '^-^Ltll 4 J lil^l (jjs La i-.Aj ^ J i". ... a 

SijjLii Mil !l lLsI Miillj Jl^;».^! Ijuk (j-a 4jt^jlj 



18S 



JSLitjJI 4_l1I a "i -».| «GjIjI ^g'i aj i»! «lUlI (_>iaJU jt Juso 

i j J I*!, i-jj-sl ^ I irtj t^jv <>j.j J « ") i terraforming 

(jlsjVl <Llj£, J-ftJ 1^ JJ l'?! ^J_p.' iJ-*->*j (j^ ^jtr-»" I n'i Lijt jjb (Jj^l i j|J^-«H 

(-S^LiJI J*->o (jl iAS'j .(jr<^ajji^VLi Lu£ i^^joJt Lla^Lc, J^i-uaj ,j! Jj5 

(j^ 4 <it^ « a LijSL/O AjLSj jlj <i"i iril i l *v < i I i r (jiejp,l 
I riTt (_i£^^SLII 4^jLi 1 nlf . tiiUj |J.4£, ^jU" I ii'i .(j^jjSLJt Jj I ii*>I 

iiJa ^1 ijjj>SUI JuL^] (>a LaI ji*^ jlU'j iiJa2Jl («.«^l sublimatc 

».1 iM jJI »4 'i j "'^1 >ll Jjj-a ^^|-> (jr-^^i^^' L$>^' t-^^L*JJ ^ ,< 1 m" r . n 
J H - t c TJ i (_^jLaJI ^^J^SLII Jllui^I (j^^ 1(J II «1 Milt Sji^j>- ^j-isl m"i<il 

^L^jl (.11 I ii'ijj 41jLui «Lla Jijj>.^ ^ a mj L4>a i4jjt-»rtll «1 (ill lO^' 

.(jVI djl r (JL>JI L« cjL>.jjlII iZi\j i°!i «J <-i'?jSL!l » ■ Sjlj^ ^^j-^ 

4_l_t^jJt oljLc. iisLMi^ S^j^-aU 4 t lUrtll («_«_2JI 4j|jJ 1 i:<^ «J ( rtj< jjSJ 

(CFCs) C') oU^j^ jj^jj^KJI isupergreenhouse gases 5 SM «11 

Sjlj_>. i^jJ -"i^j ^ LijV (J I f 4 'i J III Laj I 'l «'l (_5-lJI 

4 'ij'fijJI cjIjLi. 1^ 4ijL* 5j><-aj 4_lIL«£ jA^i L^jSLI .4_jL: (j,* L*^ 

4jiAajJI otjLc. 1^ ajiiin CjLlcSU jjSLojJ .«(j^j^ill JLu^f (jr^^ 4jjL»J( 
Sjl^^ *-*-J-^ ' jd>-*^ i-S^LiJI I gi<7->- JlIc kjJlA 4^L<aJ! 

^ ~ --" :». iSjuJ-C CjIjjoj/ SjJ, Cji_>.jjJI CjIj i'?! f jlj_aAJ i—iSjSJI 

O-^ tr'l JUj-o^I (jjLjJ J-^-<i>-« ii>>- 1-3 ^^-^ Ji9-^ (1>^ '-^l^ 

jJi^I iJ^iJlj j_>isjVl 4 I i'Tij ^J>it J-»^ 4_ijLjJI S^la^iJI (jl» S^jrtja- i m'sVLi 
' ■ "l ' ''j .t^^tl nll jjt~r i~ i<U iiij ^~'^.> L^ILdjLui (jjS 4->j )« -i r> 

1 j i i ii 'i 4ijliis 4_L<»^ 

Cf^y iii^VLi i'Llii^ cr-^' 4-ijl J a j^tl ilajlj^l ^trsj |jf i'ljl r i(_$j.:>Jl 
(_,a m" ^ISill 4_jj1 j CjVT ^^j ^1 ~ -sj i_flj_ui_fl iLLlJj J« n't -^LJ-^I 
4_il4^ j* „v (jl c-L-yj i4_uLlII S^iaiJI (Jo-oaIiJ 4jl (.^ISLa .«obLjJjl 



ol^^ostJI (j n , j«'u» i (^1 .algaelike plants t-JL^JaJlj 4 ^ , u mJ I oLiLiJI 

i^jVl (jic oLsLaiJI JIj» L^ilL«3.^_yJjVl 5jlaiJI (>C 4_»uLJJI 4_i_iejjJLt 
J^i ■pl^- '?- i 'iW l jlj^Jj CJiJ^^ 'j' ■■^? 3^ ' "^ ■ ^ '" ^ t_JLxiaJI j^ jn'm 

4ajl!iJI SjU-^ll i^^!a£. SjLc «'l ■ ■ " 5^,U:;tt rtll 4j|jl (^ISL^ 
L^J J_J->a ijJL*AII j_i_^uj4J </l<^<j ' 5 : ■ .. iJlJI ijLa ^Jtj ^I r i -a- . 'u. i i 

^jU- ajL4JJI .pj-y ,„<Vl ^1 o>i>^l jj ,M,<t ^yli obLoJl 

ojSj (jifi. global biosphere J^aLi _i -k .Uji (jJ^. J j i rn -«.t l 

.)((_y3jVl ^l*" <LLu4J d "i j 'v Liijij «Lic. fjji I 1*11 

{jt LaLcu Jj j -i II « > j-i^ j-*^ ij^ > ii'if f» Owen (jJjl ^jjiIojjj a A . 
i^jllil h.jU Lij^^ i'n a ^J». 4 ^;-^T i—Sj^ jl ^ . ", , „I ^] ^ "i S'i 

kiUjJ . 1 .:.«■« JjfLiJll i'll" •»■■»■. I. Lul jjh tjj.i.-»- J ..1 1,1 L^a i(jlSL<-JI SjLjj 

(jlS-a ^1 LL^j^ Jj^ i^! .o^jMJ cr^jVl J.< i-ii-n ^ Li^ 

.«<Lli9 (j.nJ«H (J in'^t 
(Jj-fljJ ii_ajL»J,l JlA (jjs jLJut jjk La J Uiill i^\Sua (Jjuj^ lJ:S-*i9 
(Jjfc SI ijlf i_i-icj SLuSLsj (Ja :*lj^T 4iMj (jjj 4 n m <i a 4 j i^> riil lJJ^-^Lj-^!* 

oLi oJllA ^jj»jJ 4j! jl^lLc,? i«SLuSL«j Jjfc» Jl^-" (jJl 4 J iiiilL-a SLdJj J« nim 
I I -T J Ja» JIJ_u< (_^I 4 I iiiilLij .4jI ,^ ill kiUj (JjlJs ^jU'i iniiii Ujt ^ 

^j^;.^! (jj i^ij.rw .51 j->-\l fjixjuajii , I a "m" (_^J 'f*'*-'^ tr'^ Lt-'^^I^ «SI ijir 

jjk I JlAj . « 4 1 « li'i (j! .Ljfta J {Jj-^ I "-r^l SLpJ I Lij$ ^ ,jj9 

bj.j>.^ (JjSj jlS <G1 Crick & Orgel Jj.:>-jj'j ^Al>-^ lP=>^I li'j^' < ii^jJH 

4jvjJll JjaLAJI jJjiJI 4aJ5^jj» jLic.t ^j^jl MJI ijuijl -».11 J*a3lj 

:JIJ_uj (_yJ! 4 -1 , 1,11 i I L Loi» :^La (^ISLa J»l cn'j liAj «directed panspermia 
JjLo^ (ya Q^ iiJaAb 4 'i ^K'i ^jV lOiJj ,.l S'if ! V IjlJs .«SiJiJj J« Ja» 
liijjji (jJiJj • ji/il LT^l (j j . ii ^ i > J ' I I 0:J jJI ^ U I. J . I I jlfl i JLsJI 4ji__ljl1qj S I jLa 
Oyj^ J 1 II i^jJj wLd!i (>a j-j^Vl i > J ( i '( 11 1 U («—A i(^jVl tj—lc jjj_j_^jll 

(c-AJ^LJ (^M (^j^l yJL»i».yi ^UJI >J-J^ «•>»J ^.i'ill .alj «'l ml <^ 

,<i^\^jJJk\ IjlA 4-»-lml 




t. ^ 

iLijJ 5 ^>SL3 4 I ,'„') jtj^_«U (^^j^l JSLitlil 4 J U r (jLa .(^Jj 5 , ... : n i Lo! 
jL^jilco UJSL! itiili cjjl5=j (ji i>SLoII .("^^) o^j^l 5_«;3 «j-il^ 

^.iJal (jl jt JUuj-i-yl (jr^ ^' ' ^ J > ^jiolj SaJLoLSLi (JaSLjij SoLcj 

jjL>. Jlis ,4_2j JSLj J j <i" irill (jJJ J h'iLm i4jjLjJI SJ^LUI ojiA jjjaj 




IB6 



^1 4 J III "ilb (i<je_jJI aUj ijyi\ in oj jd/i' (J-^ 

^1 ljjj_5j <(jjSLIt (j^ (jj^Vl (j^LoVl j_ya 31 j-sll 
^lHj ALH 84001 (^_>^1 >^?-^l-a 

iJ^Vlj («jiVl >-a^lj .5j_ijJI .U" «U Jjillilj 

JUlawL 4rtU"l.l (jjLSi^Uilj cjLal mJ^VI jf jj* La 
• ^LiUJI >-al ji<i^l Jxo,j .^LiJl 

I,. I t . lj j .4 flt^io 4_j^jSLii ^j* ^ l-ll (jl 

Ijjj 4J (j;i_jJL_lII noun jo^Vlj adjective oj«_L!I 

- joJUU frLoJjJI <J3J 4 jnj*? i_3jJLiJI (j3 Li4>s 

f I il«n 4^j^ i'iILa , frl «ilt'C \.aj.'ic 

,<\<.':. (jl ,1j_JLI i JlA iJ^ilaJ j-i-T (_)^V Ml 

(jjSuj 4j! JJi-JJ l5 jJ'j '^«1«JI Jjj->- ur^ M-i^Lo-a 

int lj (j^l 7i - «Jl tj^ Sj j J ^ 4-^ j «1 (j^ ^..Cji^ jC.t. 



juc _ j^j i r - (.^'j iLiLi (jjj t '■ 1 " (j-'jj (j^' formulae 
cuLjISL>. «Lj_jjjG SjJii J^ij. (j-iij ^Lc ^jLs iJL». i_5f (j-l^^j -(«^-il' jjjl^ 

^ jJI »1 ciiillj (JL>.jJI cIllOJ (Jj/io 4j£^J^ nitl 4jd4Jki <! ^ 

iLojii S^j^l 3 ji/i^ ^jj tLiUJI organization j^JaJuJI ^ «i mjj 

' 'l J '! '.' U>^>^ jj<< A'j :4^LjlU I iln) n »L«»L t JI 

JjjJo (jjsj Jujo j<Uj<JI («Jaj J-Sj .4jL^I LfcJJaJ^ i-i i 'n SjoJljsJI jLSLsVI 
''JJ p j ^ '"' <Lj-^4Jkt ^ ♦ "' i(^/kSiSLuiJm 4 J a^-A I iil I II hi'iH 

3 J d I r ^Lij n "n Ijl inj 4jKJkl \jja2j>- (jJ<l>-!t tlj i -^ttl «I i n li i 

l^(fnn III (jl lllH-'ll j«l 'V ^ (j^jLJJ ^jjlj l^j l <- * JI jljLlll (jjl «itj 

4^jJ (ji^ (.T^J iLdJja |»l J iill SjliLoa 3.2j^l3 lJLI&j .<Ll«1*JI t^j ^LllLj 

(_ya (Jj-tJJ i«Jj>^-4J gJj-L'v <J6.j~i I (Jj in^ £yi Jolaflf I g iiirti Sj^aJt 

sLgJjLll JjJ^S ijjjjvj SJljJl». Sj^j^ ^jLs UaS. i-SLij^l 
^ ^_p9jljLIj JLi^tlJlj 4jl 1-4^ iLs .'niint 3.2j^ii3 i-iUj JJl^ Jk^ 

«I _i 'a (jjjoj -rij »L,«iJjl!I ^jSLI . 5 _i ir'i 'V miII O^L^IjljJI li I J L^^lui Ls 

p j -^11 3jL)J 3-iJr La ^3>'^' 4jj.LT-j i^^x^Lu/^l I i i i a 4jjj.«jj 
I 1 ■ ^ J «LiSLoj v L^jLj-a I >j -«.ll ijLa ijclnJI ^sJLc. (^SLoo 3-jSjSLiiJI (jVj 

Lo 4j^Jaj ^' ■ »1 il JL>.1 j>L2 j\s .(2r>'\'> inlll &Lal*JI ol «I TT i»i i^Lal ^Li^ia 
<L*-L*j-iji L^t ijJajiJI (_ya 4 1 11 nj Cj\-x£.j ^jJu3j3 L^jV j! io.\i y JJ-JJ L^j^ 

c^iJt 4 (i J ii '»■" i^j-sKj oaj^ I _ 1 1 11^ a jjLa i4_i!ijtjJI j-ii' tL*^ -^y^^' 
• t (jL^ ^Ll!! Ijuk (jL ^l'iu iiiVI Tij, I II 3jjJai!l 

jftj 3jLi«j j-^jJ (.r^l ^ij-^'^jJ! (j^ (j^J '*j-*l^ 0,5^ *LLx>-^l (_>-oju (j! 

SLal^La (j^ 1 1 ^« '*»-■■■ 4ji) mi") 11 1 11" V JLiJ La_ia Laj W'»- i ~ 1 "ij 



Sjj jUajjl («J «L^Lstjt «tjLscjt jjLjjj .ala M l "'" VI J>L>. ^ L^^Loj j! 

4 I iiti I 1^ J-jlj-iJl j ■ ^1 ■■■■ («JLc J5i .^a^jJ 4 ot-iiU 4-L$ j'> i' i l l (Jj<-S 

jLlkVI 4 _ lI<ic Ijuj LLaj ? ^lllJI eJJt 4-T Jl2j£.1 Cj\ I jU '-j^iJl (ji^ 
jijS i4 « J lUl I i>-<feJ SjjJLjjJI 4j;hitl J>^^ j' L>^J ^1 Cr^' 

(j jtn rt "i •>- _; iiilj j (j-^ (jr'-'^J • ^ j' 4-j ^-< <> i nj 

4 nj 0^ ^«^LklSLa . ^ 1 J * ^ J 2JljJl»JI «Li-lIi^ ^ i'i"; 

jc^Lu} I > «I "i «j jI i4 nl" V a S^j^U. ililj (jj I « lij i La »(_j-<1j ^^xajJ 1 .Oi-t i f 

i4j^LiJI ^«^jSLiSi <5j_.i.Lil cjIjI i'i-^VI J^Li- i Ij j 1 1" (<s^j^(^,Jc 

.(4_L»jbl ^pSVl j-o^( tlljSLiIij 

ancient ^^r^ljLi tLoia-a jijj ^Li 4jjLUI lIjLi jClUI (_>^j L^^Jl^ Feynman 
J*-«JI 4 in a ,^jL_a (<djij 4jt (i^t LjjJLic i^jVl Ijjlj astronauts 

»1 cr»«i!l jijj o' o "' (jl ij*^ ^ ' ^ ^(.7-^ 4-» lo CjLjj^ 4j Jli 4 jir 

liUj l^_c.jl O^jJ! (j' (_)' »J 4 jSLlj ijjisjVl «jLj ^aAjji \ ii <i t 0^ *l odu2Jl 

(<li («J ''^l-i -(j-nMI jl I "i VVI 4 j u r (_y9 4-^jLi^iU L^aLu Ij) 1mi 

^ftS^ <uf liilj 1 . 1.111 J-»-JJ ^ 4 III lijt («i^il Ju^LoJI t juk (J^^^^stJl) 
4jjJ ijl m'i'vLij ;5jLLia (_yJI t^-J^Jj 0^ tiiitjJI Ijuk Jfia (jW ^>'*'J:' 

4 in'4 j 4-u/ljJyj )oJ j)S . i_it ^LaI^I j^l^ LnJ'caj . L^J 4_u«jA| »1 i i"nl 

Oj-s .ijSji^Vl SjIaVI 4j>^I J>Li- (^)j_jilj o^-mj A J -»■ Jj->-_jj i-al jj^>U 
^(jl^'i (_j;lJI jlSlaVL j»LaA>U sLa*JI jljuti^l j^jlc 

O' U_l^ '^J llri'^' tiljjjl tJLill J J I III (_yic. - t^Li-jJl lillJjl t_>A»J Ul>^ 
O^jSjJI Iju* JLsjj .iiLstjVI ijja Jj)-LI *l>-^i trll J) e,\\ 4_3-jJI)) 
4_j_<1j L« Jiiw j^l jll^l ^ CjjI (jUIj <(<djdJ 4 ot^UI 4_j^j)< miII ^ lfj_j. 

V «Uu-uijil tiilj (jj ^'-^ V OjjJLa .C^) ((4_uLaJjl 2 

t-o-jjftj OjA> ''^ tlH'^' tLainJI 0-0 j>lj 'l -■■VI ^1 <i 'l tfvVI 0^ J^lrt tl 




^joJI SU» ^ lirtJi 

«USU itiUj^ .aJiatjl^^jLL! IjLiwj .elitist Lj^^itij iLLi 

(jryl^fl jsJk! Ljojf ^<ii»JI i /l ^ " ij i4JoIjJ>j-«jJlII j-j-C. iaLcisVLj 

,_yic ijj)U i" jlSLaVI (jji I I tiilj jjkj i3j_>_ii_JI jLiicVI 

La 2jLc aUili'iVl Lillj (<i^ il 4_jJLiJI ds^^Jtjj n^j^^l 

Jjl-i> "t j«^VjL.:t^ (J^ ^ .(jj^l <>L»«j 4 jJI ^«Jk_^L- ^ I ■*- "" 

j^^Ia (_yJI tJjl La^ 1 Lhjt-i^ sLsLlII dJjj! Jlo^ i4.5j.uJLI js^lSLs-lj I mi a 

JlS L^jil i Jjil^Li i g <>>-»- .a 6^-«:f 4j^_LiII Jj-jj (_yiJI 4_i_al«JI 5jlcL5JI 
(JjLoj i4 ftt^ i u 4a^jSLuJI ^IjLielLuil . L^jjijusIj BL^j ^ «bL^iJI cljj^ 
j!) 4JihieLA ic jjijsccJ La (j^i<- ni prejudices oljjiio ijji 4ial£^ <fcj.a-y.a j<jjjl 

.^JT ij^ll ^JjjJ:^! ^1 Ujlui^ 0^ 4 jnjii-»- AjuajJi ^1^1 

4j I ii'^LilJI clil ilU'U O"* JyJ^l (J a^l^-ll l'"!-»- jll ,3^^itJj .j«^5Laj ^1 o'iitil 
ij ■ ^'aVlj j S^^^ J I S^^J^ 4 I Mil i^L^nJ 43L£lSLa j — " '^j i3jjjLJe_a ''rH-'j 

,32jej v iJL>II Ijuk .«.^1 ^!:>U»VLi t>LajJI (L" o*^"^' 

Ijiiv ijJ'^' ^LaLiJI JL>.I ^^^^1 J^j .cl)l3L>u^LI pjhf J^*-^ (I>^ ^H^^ J^^-?^' 
I a-l'n ''^ idljjJl^J 5jL^_ii (.7^ I (Jj-oLs. ^L».^ 4Jij^.;><j l^jJkLj Ls-Ujo 

iJLfli tf^^jio (<iC-j (.7^ "ijl 'i? ' Ijolr lj-sjJ.o j ■ 

j«J (jji^j^LaJI (j^ I I (j' J-ti'I^II (j-* 4 1 JjJuao 4 . „ A 1 4_i.aLlll ^_j_ti5^-a 
5j_>J Oilj j^>Silj VL Ijl^ ( j i I I a' i j_yLc ri<t-i'^ i4la3ti!l lilij : JL^J •'>L>-^ 

4_uisjJI 4jAJjl^Vl j)inr jjkj ija-^l I j-* ij^ W^*^ Ij-^J 
^j_jc. I II i^LttjJkVI (jjj jjj^ J")^ Jl^ 44^^^^^ 4 «1 h i « - 

U _ («JUJI ^1 4 1.1 iiitLi J? - f L*i«JI 4j li ^1 2,,,. . jl 4JI 3 J ■ 5 ^ ja 



■ _ • J ■ ■■ ^j-^ OJ^j'-^ 1 a, I ir 5 ^ , ,. ^ Ui-5^'-J:i SjLc c LaJ < 1 1 

(jjJjLztj I fli ' if ""^J^l (3^' J I La — jl 1 La 4 -r.t^ a'iC I 

(jLi (jj or (_rJ^ LuVj .^j-a^l SJlJL ob^^JajJl 4- ?r - i .t3 < _ i j m i j j i h < i" 

(_yJJ La^ 1 1 Jbf J in i t l ph t a jj 4jj.i„5 a ijJ S-aJo-lJ,! 4_j-^ j) ^.jJI 

:MjL3 tfjjlj iij.^ I a.\ 'ic iLander jJliV j-^J '-^>J>' 2j_j_j>. Sjj_i-aj 

jaJLc j^yS jjSJ .ajj_uo (Jjj) aljl LaS^ pltjl i^LijLjJI 4_i3UII (_yja 

CjVjI t a "'^ . (J al«.U i_35^_>JI a_JL2j SLcljja J ni (j i i^Ti i4 j ir 
u' UJ-^ L)-" 3jj 3jL>. (j_5^ iJaiJI jL>-l ^\3^J i^->jj 

'tjM-aj t-iLsc^l . .U:;-. La L^l Jj) («JL«J1 Ijuk tljjjl (jJI s^^iJj 

JJJL>JI ^ ^ «LaLiJI JL>.I LiJ^lui jl 4j 1.^ ■> Ml ^_,lf. CjLa.%^1 La-Lu i^cLilaJI 
j^— «J ulal Ml III 

^LllSV^UJI cj"^jL=^ 

■ 4j.,r.VM.U Lbj^ (>a JUa-)fl jaSUI 

l^*^l 

<t_it Zj ^<it Ij >JJ I flljnj CjL^_laj jj^JU p j ... ^il ■ "j^ « . ..J 

ftUjj LLo f»>^ iLiUj LiJaj^ 4j!j jUtI «Laj^j». (_yjl Jij i>-)^l jjSLaJ V 
(jl . 4 n jii"»- «(Jl» L^l (_j^ ^ a " i ^> XI 1— a^"r «J (jjJlj '''-J 4_LoLi. ((4.S_l2jv)) 
4_iu/jL»JLl J>Li- (>a 1L43I Mi~< l LuSLsJ 4 jl» > 4 ?i J L4I 4 «j lUlI (jl 
(_yj| 1 lij T- Ml Ij^l cLaitJI pt^tl n_5jJax!l i_<jL>JI CJ^M' J I 

CjLj^LcI Ji_s.lj 't^'-^ Cr^ L^j ) < i>-i_t i4 " l'?! g |LLo (j^ p^i'v a" V 4j>-jJ 

CjbjiaiJI (J^ IjJni" I iil JlS ftl. altU (jl iSjiL^. 3jja^ '(_y">J (_^lj) «pijull 4jL^)) 
(_gj Mi l (1 1 i I ^ 4_2-i.d-»JI 4-j^ il 5_^_Jar»Jl i-jj-OlII (j^J j I . " M t SJjLoIl 
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jt 2_3Bj^ jL-j_Xi.l Ujjji ^a_t 'reality-as-human-construct 



ioUU^Vt j^j-^ ^ jjjl; Jli <ALH 84001 e^>^l j>i 
iLiliaJlj iLj-alj_i_»JI - 3 I '^\jX\ ej ,^ mil (JjIsOj 4 ^«LJI ^jo^ JSLa 

(AjLkVI ^«JL=.) Lj>.^jajjjJLJIj *((*Tut '-i*->^>dT'i>^'j '*l-x*-fS3lj 

(«Icj tftL} i fiWj imolecular biology 4_ljj^^I 1 ty^js >llj <paleontology 

\. uiA\^\ « JlaJ Laj . I j". J -1 jl i"( ^Ij pul J 1 11 (jr^^O ("kiJiI m - jljll 
3 J j' i a (<>i;.j lAjLij) ' ! ar,< (jl ^_y.»jpLl j-a& j«J I (j^j-uaJtj 

(JaIj j«J 4j| fljLL» j_^jLjl iiil.i.iVl JIaj JI^ ^ Ljj! ^1 iijLiiJ 

joltU 1^ j«i o (jfjSlj (j! 4 K a j »(_,-ui lZJLIa ' L^lu>l-k<a^j j iln f^i^- Juu 

jL«.1 j,>U3l J . ALH 84001 t^>^( (>• S-U^iJt CiLuuJI <^ 

i^^^l flulij J/v. CiLa j l t ja »1 inaJI (j «i III LJ i _ il-»;".! k tSitj.V-t. 4 ^oi^J-u 
(Jj^i ^'-J^' jM-i- 1 1 ^ ' J n i»>l (_5JLji jL-Jui-i-t^ 3JjV| (jjS JujJLl (j;V^l_a3 

.BjLIaa lo 1 ^ Al 1 ilij! (_^aJl 3 Iri i 1. 1 I 

" I ii'> i a. I ir ij^j) irt ->^\\ Aj>-J (jr^ <Lx.aolj 4 nh iU i-'l ilill Sj^ ^ i ir^Ti 
CT^^M^ l_5jJlj iJjLJI j^Uju>U 4_o-L<-ait I, .i^ijl Jla 5j^Uo ob^j 

i^jJlj .2uiBj;J,l S>ie_uaJI t,,^ 5l>L>J.I <JjVl (_>-SLc . > '\A'\ j»UJl 

Jjjk (j^jLatJJ l.a.li'if ' Ljuj_ij/ \ g " . -^ ii ^ £y» I J ii rt -»■ ~ij (jf (jH^^ ui'i «U 

.4lsEx<s oLiSy » 1 «il» .! 4 1 i i fi l jil l d^jL>J,l #13! (_ya j V i"i Lo ^Lcj^ 

jjUS l-ta iSjljJ-C ot^iij i-i-^Lj -^jW l^JU-i-" j^LajjMJ 4 j ->-l ir>U Sjlj^t 
(j^AJ (jLS .(jJjJjSLJ 4ja1»JI SLL>Jt JJljjj JjI jJ.1 (j-a Sjj ol jo^ ■ «J " . .. J . ,. 




Cula iJL>. ij] -(^ijtll (1)^ lij-i OjAny liJiJjt tr'l (Jj «UjjjLpj 

•JUJ^ J'-^ ' Li_Lji JLl-flj (jf (jjj *(j-<ii Jj_ux»JI ^^rCi ui"! "i? 

i_f jus'l "ifl (jjtil ^«LlII (jt 5 J 1 ji^aj (jl Ijul i- <-»-j "if 1 1 li n (Ji-ljj 

^LaJI "J ■ ■■ ■^"''» Jj.^»^ 4jt |_^t iLa ^ ■ ■» ij—uj (jSLa j ^^^i 

Loj LoJk^L^ (jl '^1»" ■« 4^t^_>Jlj 4-u3^l (jV ^«LlII i . Llj ila^pJLl 

(jjjJI li.l.'i.ljt (_yJJ 4 , 1 iiiillj Lot '.physical reality |_f jUI j-^I>JLj L<jj-«ji (^ a 

(_^ -» CjI j L^t (j" jl i4ijaL^ J-i-^ d s J ii -».tt tf JL* (jt (jjJLaj 

J ' ' " JjjMja (j.» ,>-'^t p jj^j ^ ■ ■ -■ ■ ij^i-u (jt (jSLaj ^Lis 

i_jjL»JI (j^j 'r li ILi »1 «il«tt (j^ j—ih^ J * Ml J . S^-jwl mil S^L-uJI 

'.■"il— - > JI (jjjj h^jUI («JL_«iJ >-j-^t (C4_a (_yJj (^'j i / K M. " i u 

iJjbt^ (jt (jSL«j u j'tj frLuiVLj (<u^ |_f jdl tethereal ^L^j^l 

L»L^I *Li-ijiVl ^^iiSli) (jj cjI j (jjll Ml ijt cj^jJt (JIS i(j^L»JI (jj j-* 

(_p3jAiJI (jjs jJlS liJllA ^ (j^ .«4.4^ (j^^ J''^ ^UJI (joj) inV 1 

.«comprehensible «t*^ (jS^» i4.»KJI «jla 



(^j_LUI j_«j>J|j 4 rtl^lU jLui.Vl 5>JJ-I.I (Jj«-iJI JJJj (j-« J (j;U (j>s 

pj ■i'iljU ,_3;;^Ll>.I (jic theologians (jrjjj^>L!l J*i jjjj ci^iL^ <ALH 84001 

CjjLS jJ (jP->- - jj>i' ^lr»Mi (_ylc Si J ->. Jj^J 4_iJl ii"i-».L3 'j>J^I (J-* 5_uJjJl 
lSJ^^ j j "n _ 4_i.ojjJI (jjs (jjjij (j-« tp>->- L&jJaS jjl 'y'ij "if 4.4JJ.5 SLj^ 

^jjl diUJI (jt 

i -M ii jt j i(jii< i Mit l (jt jft^LjjJ (J^li- (jjo i(jjiil 3^j.-*^ L4">^ L>^ lP'J^' 'j4>^^ 

tfjUfc lljjLatO tiUli (jjJjLjBJ jfc^jt (j"i?l JJUJ !(_, HMI Mllt i^UaiJl ^J-^ 




4_u<jJL«j JlcI ii' a iLljj.1 jjkj iCobb t— 1^ U,>*" •Ls-^j' ^ '^'^-^ -IJ^J 

ljjL3-Li (-aj rii"'^ -1,1 J <7i»"itl 4JlIIj oLul^ t-d-f^ '— ''■''-^'J Lt-'^^ L^j^>iail 

.«jiiJI ^ spatial t^lSLo jjj 3^ I4I ajjjIjJI j! [s ^ (j^.] i5>i-? 

4 J -r J I flU - 4jjj_^_Jt jL-ill n"tl jL^ i(j m "t.l (^jjk!>UI L^jjllaj (j o -i ^j 

2_ixbj! v ol j.->. jj^j Jj Jsi 1^ Judeo-Christian 

iri^ (jui.l riil <_)LLSJt J <hj i(jT_)_SJI j»jLitILcuJ5 4 j I II jlj ijljJ 1^1 

oLiijLiJll ^ Ij-JiJ-t yi r m (j>^' 0^ J-^jb 'Universes ('')(((jrUkL»JI» 3_<iK 

4 ^^i.ijJu^ll J 4_jj^l (jh-ojLjJI jLs liiljiSj .("^)L^:i3jjL^ J U I _lU i^SUj v cr-^l 
4iLllj SLl^ Oji^ jJ i^t-uv J^^3. J J ij |jU~n Laj^ CjIjj» m V 

^I^J .J^l ilrlil ^ri» I (jl I 1 1 II "n j i n li'ij (^)(_)jiJLiI,l l-iLjSLII (jSD .aLpJl 
4.1 -»m.i,ilU — 4jjj.^t AjI -t"! I II Vt p J • " I ij^.^J II Uji II hII 4JLILJ1L1 Lu^jL^:^ 
(jiajVl J>»- j^Lujtil L«^J i(lr<"j I "i ml (>Uj3 4jjisjl ^1 ?1 J -rit 

Js, sLjJI «j-p'^l ^U'nj -j-iSVl jL>JLl learth-centered 

4 J I II 'r ILlJ . jikJt ^Li ^ lO-^' *>*>^ '-d-'' <jr^ U9^' l>» L^' 
I 3UI ^yu Genesis (jjjSil!! jj^j, 4x<a^ jl^ i<xi!l i>juk (^tjjj^^l 

^ 4_|j5?I jLi-SU 4j1 :»■' i „LSj (sJIjjlJI CjJLj. (JjSLj jjSLaj La 

(JjiJ^MjJ 4 _n lijtjt iLijijjj ^ SjSLJplSJI 4 III ji'C.ll (O-uL CjJLjclil JLS I 

j<wfc I (jM< ..J (jl I Jjt ^jj r J i i i U ojjkiUl jttlc (_paj 'l <ij (<J)) : de la Brosse 

Lluji jjj i4-jij UI \\\ jjjLi ilaifl J^L»jj ^J_iil i_)LjSL]Li .4111 4_2lLs> La 

jL^i Jj .Lj-al-LisI ^LJj yt 4 I nrltL JiUj ^ ' jrL?-''' «Ll^ J'i-^-j 

.« jL2j£.f OJ^ L»ja jjjSL) ^«ihr ! 4ilt ijl jjk Jjill 4j^it».j .4ill SjJ^ j^Lt^ 
jij^j ^Jl <l"i ->.l ('^)oj1 " i i ii Jj^^l ^jji J j'r^ ^j^-il-w jLia '(_>"_}>jMjJ (J->^J 

iiuiiaJt tjJ^JjJ (»>2j (jjJI iMurphy (_y3>J>a jjr^'j .ix.jjXa 

juS^ I LujjjLlJI^ "^jVi^ t-yjLjjLj 4jjj^ (_^^jk5UI ^^j-^ > gt n (_y!a 4.^-»- ^ i nU 




^Liji ^,itSt a (jLfl ij-aVl iliuaa. .«L^J -_ ■ . ..1 '.t I JSLiiJLj (JIiI^jItb, gll 

Jij^^ (3l*~J I 'l J S ■ J « ' ^ J ".C f 5 IC z':, a J J 1 j" jLa p VI ju>JLl ■ ■■ « " 

t-IJ-^ UJ-^ Jj-^ • ^Lo^I i A Nj ^ J ."l lLS_>.V O^Jul SLj-Jk. 

^^f i^LiJl^VI I tjjSL) 'i»>jll urujj-4>UI 4_lJLc, ^J\ 5 ..„jlLi)) :Cobb 

4_*Ll1i La ^(jl (jj^ lA-tjLjJI 4_uJJl1I CjI jL-ajJtl,! LaL«j i nl" ir a j-a\ 

fljjk <i "i ij jjLa iLs I iii > i^j) "i i Cl d jLi£,j .(jlsjVl 

5jl_^ "i I II a Jiic iJ-jAij i^Aju Lia J j'i'CILa iJL>. (.^^J .4£.j_a.>JLl 

(j|u5L_JI (Jlil 'i a JjJaj (j^ jjju I ->-lj («-»<j VI Lja (jn a uitl (jl i4 m lit 

4_3e_Lljj . LJ^^_aC- La ^_a ^ V .'^■"itl £^ ^ ^^^^^ 

(jjjLll i.dUjl ^^4^ 4jjL3t^ 4 A , ..j a Jli^lj^^j JL^ CjtjLiia^l l^_yi jLJJmJI 

aJJt ^"i nj .«(JjL^I (jjSJI ' ^ ■ "J J J * ' (_>^J^' >— ^_^» -^j^'^j .". 1 Ijtjl -w. 

Jal <i T 11 g jlf cLiiiJI I- n I (j-^ I (j 1 j " (j^-aj ^ ■ ■•' j diVjL».!,! 
.(jjujJlj »1 i>» l it Li .il f VI jij n "i i iiI (jl a lo (J5A_>. jj^a Jaj) mil jj^a ^ a " -^JL I 
^bjj_i_a. (^'J^Lj ^"V" • i»Lc 4 jS^-JjjKJI ('^)(_>ijj.flJlII 4-aSL:g-a CijaL^ Lajdil 

4JJI j -fc j (jlSLi^ L4J («Jlj^ SbUil 5 ^j',. iLaj^ Bruno 

(_ylc i ^ a "'»- a ll 4 -yl i.^a 4_iJa (j-aju j»3-2j L^! , i <i "1 <"t C- il^ i4jj_jtjj| I a^ 

ih-«ill c j_<jiJj) . 4JJI 4 ahr ^«i^ 4 j 1 o r i- i,t..i^ jlS _ j^l jJI - liil j (jf jaiij 
(jtoLJjiilSLIl (jja 4j|j^V ^ J I M j! Ijij.j>-j^ (jSLj ^ (_>"Jt>:'^^-^ ''j- '^-^j' Oi"^ 
oLa^SlaJI J^C^Ij JLflJ .() <J>ii-JI VI JJ^J ^ ^jMjJal.\ cjLliJI 

^■i-a > (jV LLUjj iheresy «i^j-^JI» ^ 4-^1 m. a J< l ^ ") S-jLI j «jj''" 

iTjIjJLflJ 4 III li I C(_yjjJI (JjJ—uaj (_yi 4jj t ir-i ri(j -wij jl^ 4j^ mi i II iJl)Lc.j).aAU 

. (j-«^ I (j-« 4JLj_^^ 




5^ joJi ItJ^ iL>9 >±uuJI 



^j^l J J III li'ilj u-aumj La o <i r^-» n jU^VI (jLfl .evangelical (jrjJj^Vlj 

(jla ijjjJJujLjil (j^ A.T j.i JLI Jujujl d i I II fILij .5jL=eJlJLI iIjLjVjJI j j" ... 1 1 
.^jJajj trijLsK (jiaSLO l^i jl ij»ljj3>.l (_jf (3'*'''"'" v^-^' '"' l -1*^ 

i_<£^jSLJI (jjk (j^jVl (jlj ii^jL^ VI ^ La evolution jjU'll jjl (j>I>l> ^> j a 
i_JS >4_j -McArthur dia Jj-Sj SLj. «u jJI .i 

4_ij^^l LuLl 5" « ,a (jj» : Lujj li jIK Ljjji^ lljLu 4_bj_a jJujiLa 

S^^SLfiua cjUjI^ (J"^ 0^ iSLi^l 4 Uj I iij (JlSLiJil ^ «1 1 n"» 

i<Lo^j^^L!l ^ ■ "lAlI «JL^ L^jj itl ijji .'^al jf aIjI , ..! i j^Jk^ 

(jiaju Jl a "1 ■■■I i ^ iiin" (jJ (_yic 4_i_5«JI ^I^Vl jjM (_3V5?1 

j-uJI (_^jj.<aitj Lu si(_yia LdLA iiJL>. (jltj .(jiej^ J T ^ Lr^ oLij ^fv jU 
^ i'i-ij— a «jljj (.yi-C tjtt.tj 4jf Jl v I J .(jj-^-* Mi.~U U I iij (__,"i -v i,_yjejjJLl 

tj^^l a (_>ia5j J »J AjLj jj a iSjl jjb liL! j (j^— ^ ^-^Jj • Ifi "i 1 1 

jl LLaiJLj Cjj i II JL^ L^l (_y/Lul (j,J-C t"< li mm^I (jJ^l oLj^_a_>JI 

oLi_^ n -hII (jja jju^ JJjlI im^U mi U liJLIi SLaii 

.Mckay (^ISL« i j <i_o J$ (_yJjt Loj.if ^ ^^^ j : t' : ' " (jr^j S-^J-^ 
3_L*I]I j»La! ^ft^jlg int iHuntress, Jr. jjjVI ^^jujol* j^jjjj «Zare jij jjLilijj 

(_JljJ-u (Jjl (jl^ 'U^>^ djaltll 4 '(■»-! II (jc 4.5iujilj i^LiaAlJ 4_ul_^ji3l 
(j-v*^l »1 irirVl Ji_s>.tj I II 4jVj (jc (_yjj_>ijjSUI J) j-ikj iHall Jj-* 
i , o jJUI ALH 84001 (^J^l JLlX^ .<_Lii >^l il?aJI 

^ j * " V i^jjJ j-jl-lS 4 J 'f«U cjIjjjjJI jjlc. jjl Jjjk JLS ilry^ 

(j! JtM ijja^\ I jlgJ ^()"llL>eIixj«l (_y^J .(_>j/JU5Jll l—lLSLIl AjIjjJ La^J dJjj^ ,_>j<Lil 
^jja (_yjLi>- jl 'Jj-^J 4j «ilf CjIj j III <i"i («jjucu (jc I J < M a! JlS »L al« I I 
(<u-l^ J?-" t" («JUJI (jii' JlS tj! (_psljJiil JLa ij_aVl 4jj.»jxjJ 

1>L1 III "11 tfjUk (jj) .<! -r ^'in) j»lj_llV1 (_yic. 1 m..-kJ L^j ijj_5B_.uaJI (2>-5«L 




• ojSJL. anl.ilj jSLi^JI Ju)!! jL^! (^1 

JL*:i9.l (>c IjLi-t Jala LU J<t*j (<J ^ i»l-c .Sj-j.<.lJI 4-a.al .<-> lU 

Cr^ JJ-lJ CT^I 6^ j-H-^ -i-"^ ■5>»-j 6^ ' ji>-''' cr^ -^i^J 

4 «1 1^ tlj ( ?i ni^ 1 1 'l "i ' ii "i " Sj.^_>.| i^ljLieJLuil .^jng 4_jj^_2JI j»j T-ill 

i—i^ljSLIl 4_i3l^^ (J^Li. (jJiJ i(jiio MilL 5 j _i J i"i Jj^ JJ-^ lt^^ 4" 
tfjuk <i_LijL>. 1 (j 1 1 1 n" cjI^^LIJI l^I mi'^I (Ji^^^ (j^ * I o ' " 
jjju i^jJlj iextrasolar (^.ui^ Jj'-^ V^J^ Jj^ O! -L^ 4*j\iJI 
juijj . \ ^^0 jjjj^! iSj^IaJI «j-^ I ?iiVi<l <Pegasi 51 ^^l^ 51 («.aJJI 

tiojLu J-i-a^ li^*'' f>?^ J-y*- ' ""i ' ""'' l (jjJI i^ljSlIl JJlc J-^j 

\ o III g ^1 4t riia Sjj i^t 4ia>-^U,l Cj^^lsl jjajz I i iitl jl^l ^'J T "^^ 

i^LisVlj i(j i i q u JL 5^_i I Mitl ■»- ill (J^^ Lr-^' <-i5>ljSL!l iLuaitjj (jl 

1 JLa. (jifi-J .SljLa a_ijLjiil 4jj_iJ3 Jj^ jSj g' r U ijj^' Lr'l '"'d >i 

J J ■ " ■^"H 4 1 i"r>l->. (j\Jt\j-A\ <i -w (Jlaj i4^LjJI (Jj) lili I "U^V L^SLa 
(JLc ijl j>a (jjk (.psjVl (jt jUlicVl j\-f^\ 1 M< <u .Liilj Ljjjt lili 

4_L^yi i^jJJI Jjii ^Loj I ^ iiin'i iSjjJLjJI ^j|>ll (jifi. M-Jj i4ill 

^jlo (j^ ^UlL-aVI 4-SUj v (_jjj-Ll!I iJua^l (jSLI .4JLl3_cj <-.nl-=w (_yall 

. 1 i^-sii (ji^^^uii ^j-^ liJ-ii ^«^ij^ (j^jjj-ft^ui I J l'* ' _ '^^-j ijl (j^-<j l'* ' 




(JjS <jL£^ L»^ ^a^jjl Jujuri I JlA ' Li*Slj ij-uJ iCjjlj Ji^ 4_ij^jt ^ 

J^\j\ (Jf^J •'^VUaa-MJ Lal^jLJj (jSUj iSjuJiaJI Cilal I » tiUj 

(jl (_).ri«i,MflLi 4 ^ J I UI II j»jjtxtl £j! 4 ii"illj tjj) j^lrtll J » i"i i ^ ^^0 j»Lc. 

jjjo i_aWl 1 i i II «1 j— I— <J vlil i A i_yi^ 4jl il i4_«jLj 1 _ XI CL9^ 
4_u^lj (j-«J .4jLii!l i— ijj 5j_3i:jo j_jj2 Sjj^jJLlj 1 « a 4_ajl U" 1,1 4 1 'n j»j_*-iJI 

i4_«j_c_)-ll i_i^l_jSL!l oj_A (2>* i-al Ml "1 ^1 « "li j<sJ^ 

^o^j , 4 A '■"< 1 1 ay^i~A\ CjLij < 1.^11 iJ^lS. jju3 \jtij j ' II flJ C ^ -*i 4 nj S 

Sjujl^I i_^l _jSJI ^Lj^l i^j! jO^ cdi jJ .^smj Ij_JLo lj_al 0^ 

(_yj| (Jj^^jJI ^jjs 4-i.'aLu3l SjJai». (j^j^liill l-<ija 'iSi^ (jr^^"^ 

. 4J^ Cr^ 5^., uru fl < I irijl ij^jJI SLoJI L»JJJ iSLpJI (jl (JjJj 

(JJJLZuU (jjjJI gl ql«ll ("l-y j tl Jl^ ^JjJLL) 4 <lU~ll jLli-Vl (jl JL>«j iJjJLLjJ 

^ (jl (jjs JiJ v i(_)lsjVl (_ylt Sjj^jJLI tilill 4 g J I nill i_3j^^)JaJI ^ji 

SLt^l (jjs JKji? -sLasjl ,^1 ioVL>JI j^L.v- -w ^ jjSj ^ (jl _ ^h'» a 

(_^j_J-L!l j-a:^^>JI (jl ^«_C.j (_yLiJ . HLc j_i_c. i^j-i-Vl ^1 j-jl1I (j 'v m" (_jILll 

(j! VI i jj^l SLl^ ^ jJLdL^ JJj ^ <S^^ V ALH 84001 

(jL^ O' c)^ o " ">-l 4-iB_i-3 (JjuilL 4 «iii t iill 4_ijeJ^I 

(jl .j^VI jJj t^j-S (_y^ cjj-^ jl^ S I j --I I (jLi i^jLlj (^I oLjJiill 

Jj^j (_yLc (Jjl) jjjlj I o fllj 4 1 1 1 l ii ^LlajJI (jjjjl •» "i o (j^ I ^J-^ LilLuk 

ajJL i^j^ iljjU VI v SLpJI (jL SiSLlIl 4;fcj>JI (jUa iSLjj>JI 

(jjs «. >LI JjLieJ JLSj . *lj_^l l-»J>" (j-^^^ "i" "I t4 J i^j in ^\ 

VI Cm (jJ lju* (jSJ ipanspermia J^LUI j>j1II 4j>la^ jl^jiloi/VL > juj^ 

SLljsJI (jLa iljjLl IjJU». OJ^ 51 J T 1 1 (_,U <itl »j niilt (j! (_y-lc 4jl 

_ frl flltll a J I ~ l t J J ,(jj^l (_j^ C3^! (j^^^ ^ J .1 I 11' 4jj g I n) J t'i'lTt 

Lai^ 3^L^ si_<^ ti;>^^t jis.»i'vi (jf _ j^s<\ -^11 4_iJLci ^^1 a^L^yij 

'U^a"^" (jj)5^ i I II j .cosmic seeding ^jjj^l jl)^'! 6^ lIjI mi'i jlS ojIS jJ (j"i->. 



JJLC.J il g jlf SLjjJI jj.^ cA" ^'>*J' JJul) LuI^JlSj SjLij Ijjij! Lu! 

iiJlil * «i "„ . -^U ejjt J!L-a J(>^J c5>^ iSi^-^ LujJ ujij^l 5_ij>.Lj ^ 

mil (j^ 4j^' '"(.y*i>^' 4j>.jJI)i (J!La SjjLo iljl jjjo L^jj '^-iij^ (JliLla->.^Loj 

I "i" n! Cjij\jjS\ «JL^a i4_jj^_i: iij|jL>.| ^ J>iL»jj LoJu£. LijI JjL*j jj! 
(J lili i II ^1 «< 1 1 ii'iILj 4 I ^ J « .1 Cr^ lu-u^l »1 «1 \r (^jJ l.>j-t. 4^j^^_*^ 

S^vuiill V Mjjj^jLo j'v-Lii jLjij iDuck soup «ilaaJI *Lu£>.)) ^sLi (_yAa .Aj^jIjJI 

J Jl* 4jlJ_<j, ^ (jKj «s i<ljM r Ljf t(j;iai>i,-i"iiii (jja» :>LjL3 a yiW 

Ml (jSo («J I-. j'^. i4 rtj n-nll J>3j jjL^ 4jV tiil jj - 1 aij 1 1 | j.^ ^ JSVl 
V! >ili$Uj i4 J a UJI jJiiJI 4 g-wj jj^j .(^^) ^jLfc (j^Jj S,l_i iiitl 4j!j (_5jJI ^ 
|jj/j_»la ^^jLa (J^J LijjJ j^l^jj (_P->-J .iiLj_LC 3-' i'^"' tjl ^3 ^ ""^ ' 

1 LcLi^l u>^ I- iT--! fr(j-iji - '^^-'^Jl ^1 '-^IjLj3-II i-tl"' lij 

1 j »i<r-> (jrUijLie-aJJ (l>SLcJ (^''')cjLc.jj^I iJlil nl-v iJLHI Jj i i n ijj^ 

.ioa^lj^^Vl lLUj 4j<-I(^1 4aJLL>JI ob^iaill (jiiSjj (j! LliLi^ _ 

jij_>.^ (jjj^Jj (^jJI LiljJjI ^Ltjl (_yJj jjj ^ Uo) (J^L^LlLi 
(«Li ^ .-I II. I 4JL.JI ajLA .UFOs S ^IkJI JLjLVL. 5 oU.^1 



4 U l i" CjjL^ La .1 . n "r « i (j^^l (l)^^' (jr^ U" «i lTiIj I ,U ^ 

j|j_cVl (jjiLij! lA*-^ :4_1iLcJI Cil>liaiJI ^ lO-^^' s^ljSLll 

(-iTj 4-8, i n' U ■'■ijl -wtl ^LaLiJI .liTrtj 'L^J^ aLpJl J^ivj (J-4l>J.I J^tjll 

i4j v .-.Ijl .u^ £^ S.j'vl I .iV iJiiljLil Jl I n" ml JAiJI i^Liil 

f I . U .i It <|Jj|^t |*jj«j>J| — I j^i'a ol _i-»iU -^^^J ^J.«C'. "fcj 
L^jf (jloj "i rtj |»j ->- ill ir-i ->.J V jlj_ci ^^jJu>^ Cr-^'j 'OJ^I 

t>o J li I iitl ijlSLaJ 1 liajl (JjL:>Ji _ 1 ir^ j! L^J 4_»jl_jJI <_»SljSL!l p 

3jl^>.jlt Lillj ljL>. J /['v t JJ^J -r ill (jiJ Sji^jlt uliliL^La 

llc 1 1 « I J ijug mJI i»_j.^jJI i-Jj-St oj jl :(_,!" «I i'it II LuiUaj i_^lj^ tjjj 

I jLa . JS^I (jr^ jrL^' J O^J^' OJ-^ 4_al m U < n « i>> (jj-jLa jJoJ 4-al I II . a 
i-jjlj^^SLIl m U ^«-:«tJ j»j_stiJI 4_t3 4jLi^l >-7JjjJ L>.ij^ 1 i « 'i i >-> 

^[uLMAja Jj^^ t4j <Li^L>. 5^ j I ^ 4jjjL^ I I a ^j-^ (jj^ J ' " ^ '^jjLaJI 

iLLjjIj '(j-'-^J 'O j" ' " ■ir'J "-^Jj-dJ-i-' (Ih* c?^ J-^-Ij ^^J-^ 

i_j^^Vl iJljljl i>> -».11 (_yic. (^JUj j J ul i ^jU" " I 't v Lijt («-C. J (jicj .(_y^J9 
? 1 . '. . .. -"-Ijl -^tl ajuk (jl ^"i 4jjU1 (3^1 (i -s U (jli ■ ^l^^j 1 «i 

«" I <3JL>JI fljuk (^_9 • 4 j^l I ii^UI tiijIjI-ii/Vl J I f (jSUj ' ij * ~' V 5jj_L^aj 
(j^l (^j^so (.pJI 1 J ,1 I 'l' 4. « i ^ lj-H,! jj.4j>J1 2jLjj JjL>o (j? 4j_j_<i_jJI (_ylc. 

• iJIj^Vl j»JJtill (J^^ '•^J-^ ^ SLlJsJI ij^j iJK inl 

ijc ttLX-J\ J, jL-».ll (jk: j-a- <^ll (^ 5 .Ua ^LAJifl 2_L>.jJI jl 
(jju 4_jjT Sj_Sfc_uaJI ijjSij I n, I if jjSL! i3j_i,,i, ^ SjJiai. JJiJJ Jl3 (_5^>^f iJliljl i^-i -w 




(j-i i I iill I— aVT J-njj i(_yii^Vl L^jS^jiJ LfcLiLS_i SjjULa ^jj» ' ' "^1 ltsj^^ -'-VJ 
\uS < ALH 84001 ^>j*^l (jL^ <ix^UJI 4jL>l*>i U^j 

La Jjju». (_yi^ i4_jjjSLII SLjjJI 3 .-^ a J . 3_«j|j ^Lwjj Jjj JlS iJjjT 

(«4^ (j-a (jSLsultuJ Jj i4j Ljj iVj (jl (jje£)J.I j_^_^alll j-autlJ (j^^ La t^ljjLj 

J^Li. (_yJ«--a ^j 'n M l t I^^SLi .jjj^l (_ya 5Lj-?JI 4 ii j ir-^ (jj-^^ LiJ ^ a i u" i n 





u' ojJ Cy o^j'^l jtJa^ jJjj t-jL^ji '.^_^( j] ^jJ\ '. Meteorite ( \ ) 

.^a:».^! . %a\£ IjJtiJ JJujJ 

ol j oljjJI jjLc (^LaC «I» -.Jjl .n'itl ■. J^bt-a^'Jll iDccay (Y) 

.fi^^i.(Ui^roi ^>au:! Ji=j ;Pound(r) 

. National Aeronautics and Space Administration : NASA ( i ) 
• American Association for the Advancement of Science : AAAS (o ) 
4Js_^l ji .4_Liii>JI isjjJll (j| J3jj<_>u»Xo io^jSLJJI iSkepticism ('i) 

^^j>^ jK^j uiJJ-oj .lUi) (jUU, JjLS-.Carl Sagan (V) 

i(ATP) cjLi.u.j.iJI i^jL».! (jjjjjjjVI iji 1 iij*? j ^Iffl j^ia iL^jSj oLjIjj 

^UjI Lcjj t4 j -sll uLiLul^JI o -w 4^LlaJI ^^^.uiLujI «.^^^^ 

. (a^>lLt _ i^^SJI u^I^SJI ijjUajSJI 

4j JtU oVLill j^LuaJ..] ((cjSLslJIII) ciLajJI Sjuj-lj^ ipeef-rcview (A) 

.(aa-jOlI . LfeSSjjIjJt oULiJI ije^j IlaIJI CjM->J.I^ j-iJJ 

cuIjjLjII ^ 4jjLa_*U J» J V ,'.,, J ilLn-s ^>_Lji 5j1_o _ j_ftLiiJI iBlank (S) 




I ^ . ,3j>^ jt _ ilijLiJI S-lill '.Control group ( ^ • ) 

i-iLui. jl ,_y^jX\ i-jLui. C'j-^ ^ (iijVUJI jjji ji ^IjUI i^ljjJI 

_ «LiLiliJ L^^ji jc^-Lu ^ o^Vcj ;4^^l!li».l ^1 ^ Jja- " . iiU «tjsjmi ^ o'» 

.4_JI ijjjil itj^jVl fuji ."^i "i.i ~ i 1 :|[^j_lS3 Tectonic (U ) 

L^-JIitj) .^1 . . . 5_j_,_Je_i^ j-Ls jl Sjl—rt^ 5 1" < '.|»LIai. tDebris Y) 

LjLii j^A^lj) h -^Vl ;Fossil evidence (K) 

.Polycyclic aromatic hydrocarbons; PAHs (^1) 
sLLij 2 1.^-11 cjLiUjJI ^j-oje^ :(_>^^l ji , ,\l . ..VI LMetaboIism o) 

L^J ^j^' J '*^f^' Lj^L>J1 4_uLlxi_iS1I1 Cjl^jtlll :4_*^Litj^ . Laj^jjJjjj-iJl 

.fi=j-j:iil _ jj^Vl jjj^l jLuj^t sMagnetite (^1) 
JjJjJI ijiLaLi t>ijj_iJI jL>.i :iijLi!i)/l <;c_^ ;Burden of proof (W) 

.(nT-,Uo^)t^LL^^^L^j.,M ;U .Ji5j oL^>^ 'A. C. Dolye (U) 

J^L>. t_j^a:?tj 4_u1jl_lLI CjLua-(!lLl*-ull Jl>.\ 4_uJ(iJl 4jL4-L>. 

5 .-^11 5jlj,,ill i_<SljSJI jj-a o^lj :jVrUI j! i c'Cj^SLll ; Asteroid ( ^ ^) 

i_yJl-4i L^j—a ^J.a-L^ J-^j <i_.uj ^aj^ jji tHalley's comet (Y* ) 

.(WlY.nol) ju>^jl ^^Lk^l oLi_cbL^I (cjUj(^.Ull 
' -'''l i, t 4j_iiujj . 4_4_t^Lj juij L*j^ ^ 1 ■ " jJl jJ,l L-t-Lii.T». J^i 

d_*-re-ij3 ^_La5^ t_j|jJjJ1 4_L« */.T0 ^j^SjLj^ fiLj_3EJj 



l»U. CjU al^ ji jjjj _ WOA |»L«JI 4-4-"! "liiii i3ii=1 LS'jJ^ (_jjJ,l 

(o-i — XLSii\ («-Lcj astronomy liliiJI (<uLc ^ — »>j1j ;Zodiac (T^ ) 
iiL^^ jlJUj i^jJI -1 ■ 'l f»l_)->JI oilj '2;i>-jJ' ° cri^ lastrology 
.ecliptic ijiii nitl J.J i„l. ijj^LtjJI 5 jjIjJI ijjJiU. (j-ys tjJ^ -^L^j-i 

-i — tCjl — jij J ^ "i o" -"-tl J ■ 5^^t J 1— Aj. I r ^^-cj ^j»— 

jt .«cjLI^jjJI S^b» j! Zodiakos kyklos (<u^l iLuL^JI jjj-£i))l I g jlr 
(jlH zodiac S .-. ,-J L^_Laj .(Sj cjUIj j ->JI) ta zodia 

<jU)j <U! .Irra Ijjl Jl_>^ .i-iLLJl L^^^iuil (YY) 

L>.Lj Jj^-jt '^jJI Shamash ^'^i «. i'ir 4JVI (jjl - .-^iij n_jj_j>Jl3 

ji^ j^yill^ iCutha «L»jjjL>a ^<uj)I jV^j ^ j j - '^ jij ^_pi^L?ci>. 5jl£.Llu-1 ^j^^ 

■J 'l ^ jaj oJl^J ii-i ^,^1 <!l jjk i4jaj^yi L-a-^j)"! jtl io--dj' i Arcs (YY) 

«Lul «ujjej US lii^Lill i^JI lEris (j-ij^l «cii-i aSjUj ^ (^t" 
3l^I lEnyo j-uj isLiia^ILi iPhobos ^j^^^j Deimos ^^-i 

^ ijLS 4JI .5_ijLoj}_^l Lu3.^jJlJ.I iMars (Yt) 

III fij L<ta iLiiajI ,_p3j>U L^Jj ijLS Li5 iij^-LciiJIj ,5 .J .UU jLajjIj 
Jupiter >iiJ_y^ i>jl >*J •'-r'J-^' "-'l («J Lh'i "^ji' 4J| ^1 JJLJ I nj9 4j^j«J 

4jS^ I .Reraus ^yiu^^ Romulus ^JUIJJJ^JJ oJIjj Juno yy>-i 

i^\-a^ji\ 1—1« U li I ^jJLJljj 1 Lojj iojj, ij;<-jj jt-i i ii ^l (j; .1 1 i.ijj.! jjj lUi jJI J 

jlSj .AjjUjjJb L_^jJI Phobos ^^ys ltWj "t^j-^^' "^J! ^'' ^-«-* C^") 

I fiM.i •tljLci^l i-JjJ5 I if^l I.-..LJ i±ij->- iilJjUIl ajjl^ Lisljji 




«Lil ^3jsl 6^ '5-jjlj>JLi i_3j_>Jl 4.js_cuI (jjjuj iDeimos ^^ajj a ; 

.j<t>.^pll _ (j^j.i;^!! jtic LjUI ciji^TH <iJo jijii ■.^JA^JJ '.Brahmin 
uiJJ — «J ^Ijj .(\'\tl_UM) jjj^ j-jj ^ !H. G. Wells (YV) 

gilaj J>^J 'tr^iSj ijicji ^AO.* 'W 0) jjj '-Orson Welles (TA) 

Citizen Kane ,jJoljJ.I» •4_«Jj_3 j .tj .^jSLj^>_jI ilj oij r.. 
.^^1 _4JUJ1 U:.i,.,ll jojU j3 l^b j^ilsVl ^!(>« '(^^i.^) 



iloc_u (tic :oLujiL!l >»j iLi^^j^jjSJLj joJLtJl :Cosmologist (1 ) 

.^c:w^>lOLt - <> I II j a\ 4^ljiJI 41taljj (j^^l J i^f 

i-j-yjjj-lJI (>a Jo^Vlj .4-3.il i^ « i ii Mi^ri^-a jl (^aLiJl : Sercndipitous (Y) 
i,^ a Sjl mil ji 4 ,.rj liill tl J MiVl i-al Ml" 'C! ij-*>^ tjjkj : serendipity 

4 illi ^! kioVI IjuA Ji.j .jj_JI 4_^UVl. ; Blitz (T) 

l»UJ1 iilsLi. ^jJ3^ SjjLJI LjUI CjIjS '^j.c Lojic 4j)jl3«jVI 

«(Jl>-JI ^_j^>_>.» LjJaj^jv t4 ii lr>Lj-JI t._)j-.>Jl (*-ujLi L_flj_t 1 o J > t ^ ^T^ 

.^<ijk.^t . Blitzkrieg 
Sjujt :apocrypha .LAj^^jVLj iJa^Lc (^) il^jjLij^^j? :Apocryphal (1) 
(jSUj njj.i rtU i_>LjSLII (jj <(j«j j-iJt ,1 ^ «u» _] UI _i.->.i j— I" \j X ... J r~ 

^ jl l ^"-»- Oi j'v i'i i a oLjIjS (Y) . I ^'i-rm\ (jjjSjitj V i n'iJI^jJ I 

.ioSL^'^l Sjl^I cjLV^L jlIU^! ^ fLut jLvi icl» :[^UI :Yankees (0) 

J :vi :J\,SLy_aVI «^» . i-jSljj-joVl Jl n i.°iill iJIjLjVj (jj 2jVj *LLi1 Ju».f i(i_J» 




^ ij^Lill j^Li-^ cjLjjj^ ai-. ... . Jjl j-»->i :Quadrantid (T) 

.Brucalassi (^^VL-Sj^ j y.j ".'.1 ^ll U,VI ,_,SLLiJI J-j^ i>o > ^ AYo jjLLj 

(jl^ UU- JiiLi (SjSjS) jj^j <uV Ly>^>" («-"W tA>fi" iJj'>" 'j-* 

o^Mj J^>j tJjJlj Quadrans Muralis IjjIjl^I 5_t_«_ijJI ^ 

tl ii'II 4 U n'i 'J -'^ ^ ...I -.11 (jj_iJI ^ ^ .U 1 1 d j<l lili (jJLUVI 

.(Bootes fUJI i^lj) *I>»JI iiij^i .Hercules ((_>^ljJI) i^iUJI ii^^S 

.(<t>.jiLI - (Draco) Cry^'^ 
.jMJoVI 4_x;S3_iitl cjMjI_>JI j-a-ii iijL^>-iJI jlju :Perseid (V) 

dlj-^l I A J i»Llj ^^^1 (_x^_uJI 4-j ilLc. iJ^Jii lejLj-ufJI (JxA^ aj j ^t^l 

4_J1 j-jAj i^jJI jJjLHII Jj! J>«JJ n'llnll j<Jc in ir-i Vil l j-ii: (yi 

^^ 2 jj-l j-o <_iJj ojLil . jM-lJJ j.Lc a^iai^iJI oLiLilll ^^1 

jj-ii < J>Li-*iJ ^ ^ - A (jjL>^' JiLi- ^ijWW'j M.,-ill CjiLaJI 

. j^Lj-JJ ^ \ . 1 Y J>L^ -t^! J J r':..' jil i>« ^LJS I (j' 

(^^jSLpelJI (^^l<iH Uji^ui >— ll % I »11 1 J A c^l MM^ I J tf^iitl 2_>.jJ3 

(jrS JjIj ^^'1'° (»1-^ (jrS j-^j ^J' Quetelet 4_»it:Lii 

(Perseus ,j^jLmij^) j^^' ^-i^3^ i»'-^ (_>.tUi.if ! 

jL^Vl (j.xi ^jIjj cjMjI^I ^ a-i_i^Vl jljij :Leonid (A) 

JiL>. ijjl^l I j-A I _ !(; Ml II t^jj (ji (jSUjj .(«-iji^l jj-iil Ua (^..aj (Leo) 

4j£, jjjl n " i l l Jjl ^^jjt^ . Ljj^^ J J 'l (j-a J Ml r ^'1 . ..^1 (j^^ djjl5 

.^jiii -i^jMJi jJiUJi ,jj.iji 

Jjt jL3 ,_,ij^t I n . n<' i. i a »(1 ^Y•_^Ao"\) i^>^ CHi-^! '^^JD :Peary (^) 

ii^ljj 'U! o r CjI j «OVjIjSj «CjUaj-iLo C^jlS . Ja^Uj^ ^^1 

.j<t>.jjil - .U;ll jLLU,l 
Jic jl lJljjJI 4- 1^1 > j) -L^lj ijjLU :JiiiII ;Bungalow (1 • ) 




•(*^>^' - jLiJI -LiAj cjI^jJusJI cijiKl ijji O'jtP- '^^iP' :Shrew-like (1 ) 'j 
■ - i-ajJjJI «Lp-Vl joiii ;Paleobiology p Y] 

L^J tLuiVl c,^ ^ij^' i>t>iJI >il :Weathering (^T) 

el — Uc. — jj ^jjl ■> t e, J I : i_ijtJiJo 4 o ^ :Nunataks (^1) 

. ^03- jJU i _ . u l-v 

ij£La>U JjSjJI (<u--^I jl ( n.^^l «I» : Lial^^jjJoJLi Jitla -.Topographical o) 

_ ( j-Il •• • Jj) ■ ■i->Jlj djljjT Jlj 4j JjVl J ' il.'-^jM 

^jr,'\\ ir-i -^11 ij^jJL; liJiriK (oic (>a :4 _i<l.ill : AstrOphysicS ( ^ "\) 

_ 4^1 n I ^1^^^ 4_ijLj^_iAjl ^^l^icx!lj 
4ij.^^jJl /t 4_;t j iUtI ^JiJl aj>i^ jt iili :ij:JllIl;>JI :GeStalt ( \ V) 
(_>.Q-jl I rt^ olj 4 J jl->j lJi ]Jj ■ ■ J 4j 4L£jLo ^ ^J^J^- '"^^ jl 

sl^^l .Jl-a-JJ U>^'j 4-=ejl^l («uJ-c. [sjLc. J ir^'ir : Argon (IA) 

t f J lU^l j 4-uLj^^^I ^jtl . 4 i^lifc-i I II 4-ul^^^l CjijlJtil 

.j<k>.^l _ 4jjj_pSlI)/l 

j.^^j aj_<ij W^^ ^^U. > n r^'i^l : >Jt:^ : Rosetta Sione {\\^ 

^ (_£i;kLj_*U ^ J n" 5 J olr 5 j ^ ; Smithsonian Institution (V • j 

^JLij i(1AY^ _ Wlo) Smithson ■ "< j «i , ^ ^ j > j^Uaj^l 




c^jt_Jl j! j-«_>J>I JU . ' .J !4jjL^)/I ji jI j y - M,*^'! :Microscopy (^) 
Laj-S^ .(«JLjJI «LokiJI C)LS>_iJI J ; < ! r_yi •.Exxon (T) 

Manned Spaceflight Center (T) 

a 

4iS^ L»IU JIlC^ ^Lo^I 5ij.-J cj^ ' MA/\ - /U ^ya V r.nlU'il 

djSj^yi 4-ul nll CjLjSjJLI (jjjt LlulS .^^.i ni (^jVI ^Jl J>»J 

Jj-t^^l i r.ln i^ J_ii \r ^jjl Lot j^J 
l1*Lu3J Ji3j Jajaki tjK_a ^jM- L^-^^' jjLui 

.(OJ>-^jim - L^jjjjI^jJ jjJt-LoJI Lal^^^Jk-jijS^ 

tjl j-a t_jJ! J. j g :j^jJI tiJ)_iJJI t Micromeleorite (o) 




t^j (_>-ijiy (^^j^l ^^L>a^l ^>;^l ^ :EIectron microscope (1) 

bjjia LajUi£,I (j^^ djUjLpSL!!^ SucL^jJ! f*j->JI 0^ Borgile Jo^-j^ 

j-^ft' o' 4_t^ljL-jJI ja>>J' jjyit^M Ji^l 

4_«_i!oVl 3LoJ»jh. j_luajj . 4-LL.fcH (_3Ji ftj-uaJl Lfc 1 J- J j (jJifJj cjLjjijJiSjyi 

A Jji-lj tungsten Ji-^,^ aJiJI dlh^ 2lU^1_^ 3 — — liSJVI 

5 M^ V> I " I Jjt^ * Iju* cijlj^^JiSLJ^l ^Lji_*i (J.>o^ uji! j . cjUjjJISJ!^ 

^jjjj .jjjuaji |J-L--aE-uiJ jfcUflJJ t<Li.j-».)l *oL4-jJt*Jl fOjuaj i^j-^aJLl 

tvacuum ^l^^l ^ oLj^^^-iiSJ^l ^1 1 n> j-<u p! (j->jtj-i£U)?l ^>_^_>J.l J_«_iJ 

^jjJSJ^! >^j-J1 j gl^j : Scanning Electron Microscope: SEM (V) 

^ i-^ ■ _ <j^LlJ(j Sj-jUjII — cjLj_j^^_uSJyi Cjjl ■jj.jj .4.L| jjl 

liJ^jiOj 5 jjLnil tiiLjjf^^lSJVli '.^_^L>JI detector «Li*iL5 J^J ^'-j 

^jJpt^luu : Transmission Electron Microscope: TEM (A) 
CjU jJsjLa (j^S^jjj t4J.i-t.il ^J'-i^j (J^^J 0^^^ Lr^ Lr^JL?^' 




^Jjj 'r "i t jj_i^JI tJ^T" "i" j , '^ jjj'-'^lj (JSLJiilJ 4j.jjtJI J 

.^JM _ 4j^.i1jJI ;>jJLi 4^ljjj (j^AJ JSL<i (jJI 4^j^>jSJ^1 Sjjj^I 

JS ji^ihj <5jjLi |»j_Lijj L^-dc «gVjSLUI j>o ij^lj SSLt^ Oreo cookie ('\) 

3j_ai) ... jU LulI »1 -r "'l VI Lj>jXj ■-■■^ ■°:-'<i iMagnctotactic bacteria ( 1 • ) 
^ LjJj-t .Blakemore j>*^!>Li j jLIIjj i^jj l ^Vo j^Lt ^jVl 

I fiUi.^"t _ ^juj^ s-^^^ -(fcrrite) cjjj^I oL<i ^ ' " i>o SJLjiLj 

^1 - s 1 Ljj j"^ i i 1 ojul^ . ^ j'*" ii^^Uj f^LcAil <.^xLxaJI i— j^-uio 1 ^ I iifl 1 

5 j III jUl :iU ~l ■■■ ^'"^l U>^_J .u^^-...i <Vl i>0 5. 1 J 'i CjL_;_^ 

LjL^M^ ijj)<'ijj g-ij -«Ljj^lj cjj;_iJI j'^.'l^ magnetosomes 

. - Lu^jj ol^^p^^Lj o j-Ljij ' 1 J J 'l I 1 ij ■ 11"^ Y * _ ) • 

.|<t3.^l - ^ijJi 3^ l!dLi)l .LiJj<.iiill jn<ll ; Uj3 :DoubtingThomas (U) 
^liirtll ijUj j»jLij ^ :J^^I i»kiJI :Masterpiece ( \ Y) 

JL»^ ijz I a t iV^j jLic SjLa («uljJI ijjiJoLLiit :Permanent-magnets (^T) 
j^jU" (I 1 1 ii "r 9 Lc^L>. I j I II jl^ l VL:^ J j^" ^ ^ ■ "J t^t " 
^jjjj . ^l i f^ Vt ^ I II jU LulJLI JL>Jl1 L^ljl j^_3t-4j \ I iiijULlt-fl UoLJ^ 

("i^l^' j' V-'^' lM- »J-J-^I) 5>aJl SjjijL»^ ,j.i_iUI it olt JL»J.I 1 jj» 
^ " 1 . 1 1 JLlJUjJI j_y^^ijiaUill JL>J.I (jj^iJ •oiL»-*-'^' ^Jiiijl^Lijll -sljll 
4-xui_ilt3LUj,l djlJLI 1 ^ Sjl^^j>>jJ.1 <)^i J iTI ij j^^^ ^^^.«I^i . I ^ « . ^1 

\jtjj\ izu^ ;yi 4_u3lJtjj .«jLkJI sUIb ijU'.a •.[53^'-» '■ hydrothermal (\ 1) 
a_^L^ J J r 4>ji 31 J -kJI ,jLc jjL_3 V :Anaerobic (1 0) 




. California Institute for Technology: CIT ( n ) 
Light Amplification by ihe Stimulated Emission of Radiation: ( W) 

.(*J>-^>ji.l _ 4^-111 ^ 1 I CjL*-ijLi i 'r\\ { * J "»> • :LASER 

. Laser ionization mass spectrometry ( ^ A) 
II aj^l (sabbatical year) '.J^Vl -.Sabbatical ( 1 '\) 

.fi^^l . (sabbatical leave Lbjf t^Jij) 

. Interplanetary dust particles ( T • ) 
j»jJ<- 'l ,„" cjLLu£. :5jubUiJI aiajLi^iJI oLLuuII :Control samples (T^ ) 

.^c:>.^^Ilil CjljLiIi-l ^LoJ 4--r ^j-* JlSliU 4j^j.>*j 

5; ',11 tS_>-=tiLI cjI j .,-1 V : Mickey, Minnie & Goofy (yt) 

.(«j>.j:ill _ ioilDI (>o iJiJi :Microsecond (TV) 

.Polycyclic Aromatic Hydrocarbons; PAHs (Ti) 
^ ^ jjoj .( U^-; _ uri) j^Ui (^UuS :Friedrich Kekule (Yo) 

.j4J>.^iL! - 4_j^.JajLll sLl*_iSJJ 4iljjL>JI 4j^xijJ! 

i I H iU :SegmundFreud (YT) 
.(tt^^l _ psychoanalysis JA*ill ^_)jiiujjs juu 

.National Academy of Sciences (YV) 
4JjL=tji '.^j^j ,jj ,„.lj .f:, J a :Michelson-Morley experiment (YA) 

.luminiferous ether <.,_, >jjVL ijjLLa ^j^l ic^-^i > « I .'t -C M 

Cjj^-^l .4— ijj iriH t "ii '^ ■^JLl J 'a (ji ^'^j "■ ^ ■ tL_iJa_ilII t^ * t-^ - -J 

C.-T n'i j«j r ci lj M i j a (^_u ^jir: ^ AA ^ |»Lc ctJ^ ct^J^' 

J_«JL«J5 .Sj_=tjJ,l iJjLVjJl j_^jj_oj tjj) icilj Ml J < ^Ja IA AV j»Li 

interferonaeterjj.^^^^ (Ji.laDI ^Uia) JLi-ba f.\jJxi^\ >>-VI 

.Michelson's 



.^Lll^"i/I jl j_iLiII 1 -, 3jiLtj :Re-dir?ct examination ( ) ) 

. ^^^^HJll _ J ■"■^1 l ■ ..i SjL^l ' '"" Cj^^-ul j^^Ij jjU'lt i o J*^ 

Jj^ (<L^lj.jt:i^l jt vj j Ali 5 a h^ SjLilS :Re-cross examination (Y) 

JJI ji .j^l ji :Rebuttal (T) 

tO^?^^'^l i^'U L5i>J' j_>ii.4->Jl '.LijlJI tDeoxyribonucleic acid; DNA (1) 
^ oj^j i)A'\ \ ^Lc j/^ UjJl i hr,i "i <l .4__J_iJl ^ -^jJ 

Ljjjl In~ n .4jL>J1 (j^J • LjJlU ^^-l^^' Uij-^-**^' '■■^j^^ cfL^j jj.. uUlj 

.(<i^jjJLl - c ijjjj^Tuni^tj G t^ljj>Jl^ T ^ji-^Li11 j A 

.Electron microphotographs (o) 
quadraginta 4 j>j">U^ 4_*KJ1 J-^') '^H j-^*l_>J1 :Quarantine (1) 

L^-iB ^^-tloILij ^3I^LLo i^jJi i^jLflJl ^^-i-l^oU jL5eIi>.l Ojl^ '(lA^^j' ^_jJ.«-4J 

'L^JJ ^ * tjr* j^JSiJfciJ 4jl irtVl SjJlill OjLSj 'L^l^J LdJlA£j JUca ij^j^ 

1 J -w^j-J^j^ILi -.^ K ,Vi .(_3^jJ3_^jj__fl :Moq3hological (V) 

JSLji Cv* J\>^ cj-^j - JS-iioJI jl (morphology) 

^j_m ^Li^*^! Jij-iil! ^JL5tXi^Lfcj, ' ^ J ' ^ ^ ^J-* lJ^' 4j^laJL1 4_6^ jJlIl 



il^jjl -.Ribonucleic Acid;RNA ('\) 
jjkjjl uL^j' (*-^' -.j^^ \<1\ J .r. ^11 J_4_a L_4 ;Precambrian (^ • ) 

<5_iliJLi 4j^LiJI ^^^1 ^ , 1 r.i I ^ g , ,n :Mitochondria (U ) 

UjJI I4JJ i5jlLiJLi 4SLkJI ^lilj u.innll CjIjUr .,,lrt (>c ajjj-. a.U 
^ cjLjj^j^j^^I (jjSLj (^jJt Lili j (jc J ii "1 . c. I, I j i_>^LiJl DNA 

J -«.tl Ji^l^Vl k-J-tlj ijLiujVl jta-fltJI JM— i- ijiJj .CjIj.> n 'i /i 

monomers Jua-I^ ^j-» iijSU SjjulL» cjI ^ cjU^jijjVl :Epoxy (^ V) 
'(lhL> ''"^^ LU-^' Lpb^ (j'! epoxy resins (_,i..<^yi oL=tiilj J^^i j^jljj 

^l** Jjij^ljj ^jjJ^La (jLi^Lij^^l I ^Ij'ii ii^LJ! 4jiLu^ i i II 1 a (J m'*- t ^i .i '» - 
j£.Lflj ^ in>- I .i ^ ^-jjVi I 'lj" i I i iM-J -^t" 

JLxijVI £^ J>^«-jJ ij' --II J=^>3l ^S-j^'j •(»•3 ^ * ■ 

I j -I ■ ■! 3" Milj .ol J i... " i<jjJI ir.''! ^ ItUj"'^.'o"'> :coxiella (M) 

i^jjl (_;r^lj; «Vi y^jJ^j^-lSLJI jjlj _ (^^ • Y j»l__c jJj) i_y£j-^ JJI J— Jj» 

JL».i I I I I .Hjj i<)_i:>. _^-)-C. CjI " i m i II a W^jj "^J .3j-a JjV I ^ l i i a j 

i^jS LJ-»-^ 1^ (jr^ - C. burnetd ioijjjjJI 5ij ,„<j<:ii _ L^l ^lif 

ij^^l^^l I gjlr (jl tjjj 5 jM iLllj i_ilj.ij! i ijmj ^^j^ >ifcj 

jt t(— jl tr> a (jLjijl Jl (jlj j . -fc - ^ jjjta^tiJl ^JJ^1^ 4j j mi iII djLua] c i 




ijlJi ^ijjj iLl>-jJj_ij Lw^Lu* <1 a\ i , „V (JLcIL:*.! LiJllAj .ftl^^Jl (JjjJo 

(>o Ji-iy a^jJ.' «j-la J " J • ^ -J 5jj J -^'1 cjIjI .^ilLi ^^LaJI (jSJ j^L-c 

J I .^"i n_i^ 4^LaU ^LLo J-i^ ^j'-^ j ^ U ^ ^Lil tiJLLAj iCjLd£.ljiixLI tljjjL>. 

4_uU.a-tSUI cj^LclU:!]! ij^'^' j' ' .iN ■■■'^1 :Metabolism (\o) 

4_3LUJI j_a^ ^Ij .,_^| ^liJI 2jj.^ Ji-lj ijLj,: ^1 

j .1 «I "ij t tv , AA (jii3-jJl .TY ^jjJI ti^JGa j mir : Titanium (H) 

^ULVI ^LlajSJI 4 rtMi'.^l <4_t j-«JI iJUJl CjI ^IkJI frlj^l ,_>^ j-L-a ^ 

(jr>->. > "i! T> 4_^b 4 J fl SU*^ -5 \ A XII 4_i_«jJl :Straw person (W) 



cjLj^jJ,! I n', ,^ -jl^^l >4 j' jl-jj) jKj^I : nucleotide ( \ ) 

I ^ 4 J o '"'t * J 'J J ' ^ . "'l A . ..J A tl f J ^ ^ ' "il ^C ■ .. ! 1 I -w I t 

ijijLljj^l ijji <£j-9.j>t-a j>_a ^1 ^ i_)ii-^jJI : Amino acid (T) 

3_c.^-»je_aj (-NH2) ijjLcLa jJu-o! 5_c.j..«_« cj^' .11 

4,1..., I ...11 ji) (,^>. .(-COOH) iL^.»^ J ; ..X y^ < 




.4_tj>Jl oLljlSJl dj^^^l 1 ^ ( lili t iCjLijj^jj^l (^oiitj 5 i\ 

^_^\ — <i_>-Vl dJi-A \ • 3-^^ ^ J i ■ 1^ " ^ ' n 7JI U" — L«j V i/j l .,,'. yi 

■ («JS-^jH.! _ » IjjiJI 

ijit! jl .J^^i I jLik OijJJ ; 1 ^^V ^UII ;_y3 ijLiSJI IjlA (T) 

.|-V>-^^lU.l - Ml iH ^^j) 'ij->ijl ^l^t a 5j ji Ml uLLaJ J ■ Y* ' ^ 

tj-s J 'iC; 4 1 (3-» [y^^ ^>je_i :5jtl_>JI iRedwood (i) 

.Ribonucleic Acid: RNA (o) 
(«ui^ (^Ij ,JUiJI i-^iu^ I ji.<,. a_ikill ! JLiJI :Gaul {^) 
. Lj-ILLij! (JLft-iij i \-u\X\ i—ij-L^ * 1 i ' ^'v^ 'j 4_jJL>J1 L-»-mj_^ 
^0 "< >^ Qj) Uli J .t J l>iL53 iCeltic ^ pl ...It ^Lo.Vl ^ JLiJl 

juLaj tj-MiL** .3 - ^ ' ') u-"jTi^i:J LViii'^ irtjtki Gaius Julius tCaesar (v) 

.^<ljwj^! - JjB i.ji.^^i^J^^ ^ ^jU JJ^^^^"^ •Lr'^JJ L^J-^-*-^ 

- <(4li^ii3jl dJl^J.! ^LiiVI 4j jljj -.Redherring (A) 

I j)>>. : Galapagos Islands ('\) 

«jL* J Mi'j <L»Ljy_>j tjj.La^ Loij — u) jj jjJc 1 oto j»L£ rio lii 1^1 j 

(_P3jVl 5l n -rim \ (j o i.il J M l" j <i ^ j a *Lijlj_l->Jl 5Lj_?J1 4j1^jJlj J>^1 

l^i „M" ij tjillj .(Galapagos S-uL^VU \j n .nlj] |j\nj ^1 ^I^Lul!! 
jj3_>JI »jL4 iijj^lil 0% •lP'j^' j-^ (jl^ LT-^ ilP^ lS' lv' Ji^' tAs-^ 

l^GIjaa. C.a^Ljj . \AXO ^ 6iJj'-^ uH^^^J^I (aJUJI bkjlj Ujjc Lilli. 

.(43.^1 _ jttjj^ ijjj«-4J archaios iajU^l 6-^ ( ^ ' ) 
jt bjju^ V 5 J -.Bazillion (W) 



Jj^i ijjs ij^Lj>j5 ^oi ^ • ^ ) LT^j^ :Enrico Fermi Y) 

(_^LLi)Jl dsLiill I n.V i ^ lj isubatomic phenomena ijjjJI jjj j^il^JiJI 

Jg> J H ^ 1 J I I I I r . u a l^J^l J^Lij Jj! |^_^i L4S llIjljj^jS^jIlLl l '-!-» -'! .! . ! ,! 

^1 ,„\ ,„ >4 J III 'lU i^jjJI J- 1 A -.1 1 :Nuclear chain reaction (^T) 

L-^La JS ' ii . J «(S-JjjJI 4jjJ'^I ^M) 4jJ>JI oIjIU mi'iVI 

.Handbuch der Organischen Chemie i) 
^Hij 2-*^ o' '^'^ <_J_uiLu Lj^Li^ igametes oLlj-aUJl 

itij d^\_^Ji-cul 4l>.j_<^^ «Llj-ujjj ojyt^ 4jj,uS-iJ1 ^'^^^ iJ-«-AJ_3 ' ftlj-tbjjl 
<IL>. ^ Ij; j (_;^ dUal -^H 1^ J-J-^J t4j; j "< itl 5l j ^ 

d_ojL_La ^ iJaA^«5j— >Jll» ULj^I lujj iijLJJl : Millcy Way (W) 

jL^ iflj-^vll l)^'- lP'J^' o' Lt^J .frl i^iitl JlUj j_y!iJl 4jjLiJI "^'j 




ijJaj 5j ji djji -I . .. j»ljj>-i cjLSjjSJI jo-t tt-^S^jjSLll .Planetesimal ) 

.^«^^^1 - ^ I •i.ti.r<M «.^Mi ^yi oj^-ui 4jL>-j^ CjJl^j L^I 

.jo^^^lll - ^1-1« i^ill (j^Lii 5jL>-j jLJI ;Bar (Y) 

jLLoI n • ^ jj3 jjIj^^ ijVj 4.4^Lc iDenver (T) 

YAO- ii_,Uiii^l ISj^L jjjIjS^I -v i^j^Vc ijjjjS lQuito (i) 

.^«j>.^^im _ J ■> iM ^!ni II l^^ILo 

j-a-JI ^Viiii LcLjjjl - -I ^'1 ^jkil jjk -Mount Whitney (o) 

L^riJ-^^ ^-^3 '(^^^"^ _^A^^^ Ttjij gi j i ii^->- ^^l^. '"-^ ^ ■ -J 

.^ft^^^Hjkl - Lujj 11 J 4-l>.^^x>J! ■ ..Ij t I J j" .".i 

L^Lajjl jJjj i-M il-JS/I JI ; (0*3 .(jjjjk^Lo tMatterhom (1) 

.jOJ>.^>il,l _ 4j^.uijjjjiJI iJUojVI JJJU>J1 ^jit il^^ tlVA 

subsoil Sj^ikill SjII^I ijpJI :4lyt-i'i,i^l iiiiaJI i Subsurface (V) 
J -I ^jic jl J.1 "i i.iLi S.iI-»- "i a 5 _.u mil j_aJ>JI iPermafrost (A) 

.(0>.^pXI _ 5. i n-v"iil 'j J 1 U ii 1 1 ^jl^mt ^j^j^l ^in I II Ci-Kj . " *j 1 A" 
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